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JUDSON’S  DYES.— DYEING  AT  HOME.— JUDSON’S  simple  DYES  are  most 
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' JUDSON’S  DYES.— INK  — INK— INK.— A Sixpenny  Bottle  of  JUDSON’S 
j DYES,  Violet,  Red,  or  Magenta,  will  make  half  a jjint  of  brilliant  writing  ink  in  one 
I minute  by  simply  adding  hot  water. 

I JUDSON’S  DYES. — For  colouring  Architectural  Plans,  &c.  Much  trouble  may 
I be  saved  in  grinding  up  colours  to  a uniform  tint.  They  may  be  used  either  with  a 
brush  or  pen.  Rose,  Pink,  Purple,  Canary,  Crimson,  Orange,  Green,  Blue,  Magenta, 
j and  12  other  Shades. 

JUDSON’S  DYES. — For  Staining  Wood,  diluted  with  water.  They  sink  deeply 
into  the  fibre  and  will  not  rub  oft’.  They  form  the  most  economical  stain  on  record. 
Light  Brown  for  mahogany  colour  is  excellent ; No.  2 Black  for  walnut ; Canary  for 
satin ; also^  Black,  Lavender,  Magenta,  and  many  other  coloiu’s. 
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In  preparing  a new  edition  of  The  Steam-Engine  ; its  History 
and  Mechanism,”  it  has  been  deemed  advisable  to  render  it  uniform 
in  size  and  price  with  the  other  works  in  Ward  and  Lock’s 
Educational  Series,  of  which  it  forms  a part.  This  uniformity  has 
been  effected  without  changing  the  scope  of  the  work  as  originally 
designed,  and  as  explained  in  the  Introduction  to  the  First  Edition. 
By  careful  condensation,  and  the  avoidance  of  minute  and  unneces- 
sary details,  space  has  also  been  obtained  for  illustrations  and 
descriptions  of  the  most  recent  novelties  in  steam  mechanism,  thus 
bringing  the  work  up  to  the  latest  date.  The  Author  ventures, 
therefore,  to  hope  that  the  work,  in  its  improved  form,  will  meet 
with  as  liberal  a share  of  public  patronage  and  approval  as  favoured 
the  first  issue,  and  that  it  may  take  a useful,  though  humble,  place 
among  Educational  Works. 
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INTRODUCTORY  CHAPTER, 


THE  PROPERTIES  OF  STEAM. 


EFORE  we  enter  upon  the  consideration  of  the  his- 


of  steam. 


When  a quantity  of  water  is  heated  until 
^ it  arrives  at  a certain  fixed  temperature,  an 
elastic  fluid  or  aqueous  vapour  is  evolved. 
This  is  called  steam,  and  resembles  common 
air  in  many  of  its  properties.  Like  air,  it  is 
elastic,  capable  of  being  reduced  in  bulk  by 


torical  and  mechanical  details  of  the  steam- 
engine,  it  will  be  necessary  to  explain  as 
briefly  as  possible  the  nature  and  properties 


compression,  the  pressure  which  it  exerts  in  the  vessel  into  which  it  is 
forced  being  exactly  in  proportion  to  the  amount  of  compression.  Like 
air,  steam  is  also  capable  of  expanding  in  volume  or  bulk,  the  expansion 
reducing  the  pressure  on  the  vessel  in  which  it  is  confined  just  in  propor- 
tion to  the  amount  of  expansion.  The  first  property  of  steam  now  men- 
tioned is  termed  its  elasticity,  the  second  its  expansibility.  Although 
having  these  properties  in  common  with  fluid  gases,  steam  is  distinguished 
by  the  term  of  aqueous  vapour,  inasmuch  as  it  differs  from  an  ordinary 
gas,  which  retains  permanently  its  gaseous  condition  under  ordinary  cir- 
cumstances ; while  steam  requires  to  be  kept  at  a uniform  temperature, 
otherwise  it  changes  its  condition,  and  returns  to  its  original  form  of 
liquid.  This  property,  by  which  steam  is  readily  converted  into  water,  is 
of  immense  importance ; by  virtue  of  it,  the  power  of  steam  is  made 
available  in  what  are  termed  condensing  engines,  as  it  offers  the  readiest 
means  of  forming  a vacuum  in  the  cylinder. 

When  a quantity  of  water  is  placed  in  a boiler,  and  heat  applied  to  it, 
a circulation  of  the  particles  of  water  immediately  commences.  Those 
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nearest  the  bottom  receive  ^ certain  quantity  of  heat,  expand  and  rise 
upwards ; the  colder  portions  take  their  place,  and  become  heated  in 
their  turn  and  rise  as  before ; small  air-bubbles  form  at  the  bottom  after 
the  above  process  has  gone  on  for  a certain  time ; these  contain  aqueous 
vapour,  and  rise  upwards,  and  on  coming  in  contact  witli  the  colder 
portions  above,  are  cooled  or  condensed,  and  give  out  tlieirjieai/to  the 
surrounding  particles.  This  process  continues  until  the  whole  mass 
becomes  of  a uniform  heat,  and  a fixed  temperature  has  been  arrived  at. 
After  this,  however  long  the  heat  is  applied  to  the  boiler,  the  water  will 
not  increase  in  temperature,  but  the  steam-bubbles  would  rise  so  rapidly, 
tliat  the  whole  mass  would  be  in  a state  of  agitation,  and  a vapour  would 
be  evolved  in  large  quantities.  This  vapour,  as  before  stated,  is  steam, 
and  is  invisible,  like  common  air.  The  fixed  temperature  already  alluded 
to  is  what  is  termed  the  hoiling -point.  Under  the  ordinary  atmospheric 
pressure  at  the  level  of  the  sea,  the  boiling-point  of  fresh  water  is  212"^ 
Fahrenheit ; that  of  salt  water  is  somewhat  higher,  or  about  213*2°.  In 
the  generation  of  steam  of  a high  pressure,  the  boiling-point  varies,  in- 
creasing in  proportion  to  the  pressure.  With  a pressure  of  16  lbs.  to  the 
square  inch,  the  temperature  at  which  the  water  boils  is  216*3°  ; at  18  lbs. 
to  the  inch,  222-7°;  at  20  lbs.,  228-4°;  at  25  lbs.,  240*9°;  at  30  lbs., 
251*4°;  at  35  lbs.,  260  6°  ; at  40  lbs.  to  the  square  inch,  268*8°;  at 
50  lbs.,  282-7°;  at  55  lbs.,  288*8°.  Wlien  steam  is  generated  under  a 
pressure  of  15  lbs.  to  the  square  inch,  it  is  termed  steam  of  one  atmo- 
sphere when  generated  at  30  and  45  lbs.  to  the  square  inch,  it  is  said  to 
be  of  the  pressure  of  steam  of  two  and  three  atmospheres  respectively. 

One  of  the  most  striking  peculiarities  of  steam  is  the  enormous  in- 
crease of  its  bulk  as  compared  with  that  of  the  water  from  which  it  is 
generated.  The  proportion  of  increase  will  be  best  remembered  by  the 
statement  that  under  the  ordinary  pressure  of  the  atmosphere,  or  15  lbs. 
to  the  square  inch,  a cubic  inch  of  water  will  produce  a cubic  foot  of 
steam ; and  as  there  are  1728  cubic  inches  in  a foot,  the  increase  of 
volume  of  steam  is  1728  times.  Under  an  increase  of  pressure  the 
volume  of  steam  is  diminished  ; thus,  with  a pressure  of  30  lbs.  the  volume 
is  only  one-half.  Taking  the  ‘‘relative  volume  of  steam”  raised  at  a 
pressure  of  15  lbs.  at  1669,  steam  at  20  lbs.  would  have  a volume  of  1281 ; 
\ at  25  lbs.,  of  1047  ; of  30  lbs.,  or  double  the  ordinary  pressure,  of  882  ; at 
‘^0  lbs.,  766  ; at  40  lbs.,  678  ; at  45  lbs.,  609  ; and  at  a pressure  of  50  lbs., 
steam  would  have  the  relative  volume  554.  We  have  before  stated  that 
steam  is  capable  of  being  reduced  to  water  by  being  lowered  in  tempera- 
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turo.  This  temperature  is  always  the  same  as  that  of  the  ^vater  from 
which  it  is  raised.  By  gradually  reducing  the  temperature  of  steam,  the 
vapour  wdll  be  condensed^  and  be  reconverted  into  water,  a cubic  foot  of 
steam  under  the  ordinary  pressure  occupying  the  space  of  about  a cubic 
inch  of  water. 

In  raising  steam,  a large  amount  of  caloric  is  absorbed  which  is  not 
observable  by  the  thermometer ; this  is  termed  latent  heat.”  By  tliis  is 
meant  the  amount  of  heat  required  to  evaporate  a given  quantity  of  water 
compared  with  that  necessary  to  bring  the  water  to  the  boiling-point.  Thus 
it  is  found  that  to  raise  a certain  quantity  of  water  into  steam  at  212*^, 
it  will  take  6^  times  as  much  heat  as  would  raise  the  water  from  32^,  or 
the  freezing-point,  to  212°,  the  ordinary  boiling-point;  this  excess  of  ca- 
loric, however,  is  not  indicated  by  the  thermometer, — hence  the  term  latent 
heat.  The  latent  heat  of  steam  is  generally  reckoned  at  1000°,  the  tempe- 
rature of  the  steam  being  212° ; the  sum  therefore  of  the  sensible  heat, 
that  is,  the  temperature  indicated  by  the  thermometer,  212°,  and  the  latent 
heat  1000°,  is  equal  to  1212°.  The  total  amount  of  the  indicated  and  latent 
heat  at  all  temperatures  is  a constant  sum  thus  if  the  pressure  is  in- 
creased at  wdhch  the  steam  is  raised,  so  as  to  give  a temperature  of  300°, 
the  latent  heat  is  912°  ; if  500°,  712°,  and  so  on.  It  is  from  this  property 
of  steam  that  so  much  fuel  is  expended  in  raising  it.  The  mechanical 
effect  produced  by  the  evaporation  of  a cubic  inch  of  water  is  generally 
calculated  as  sufficient  to  raise  a ton  weight  one  foot  high  from  this, 
however,  is  to  be  deducted  loss  from  friction  and  other  causes.  In  the 
body  of  the  work  will  be  found  exemplifications  of  the  properties  of  steam, 
and  of  the  duty  and  the  power  of  steam-engines  ; we  therefore  hasten  to 
the  consideration  of  the  general  subject. 

In  arranging  the  materials  and  illustrations  of  our  work,  we  have  been 
guided  by  the  same  principles  which  dictated  the  method  of  elucidation  in 
our  volume  ‘‘Mechanics  and  Mechanism,”  in  the  present  series.  We  have 
aimed  at  presenting  practical  details  rather  than  elaborate  theories.  Not 
deeming  these  unnecessary,  but  conceiving  that  for  the  purposes  of  our 
treatise,  and  for  the  classes  for  which  it  is  more  particularly  designed, 
correct  illustrations  and  descriptions  of  the  mechanical  arrangements  consti- 
tuting the  different  varieties  of  steam-engines  now  in  use  will  be  more 
generally  useful  than  expositions  of  strictly  theoretical  rules  and  mathe- 
matical formulae,  which  serve  in  many  cases  to  confuse  rather  than  to  en- 
hghten  the  uninitiated  reader,  to  deter  rather  than  to  induce  the  pupil  to 
proceed  in  his  investigations.  The  work  necessarily  assumes,  to  some 
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extent,  the  form  of  a compilation ; but  in  addition  to  consulting  the 
best  authorities,  and  endeavouring  to  place  the  results  of  this  in  as  attrac- 
tive and  regular  a form  as  possible,  we  are  indebted  'for  some  of  our 
valuable  illustrations  to  the  editor  of  the  Practical  Mechanic’s  Journal,” 
by  whose  courtesy  we  have  been  enabled  to  enrich  our  pages.  From  the 
number  of  the  illustrations,  and  the  method  of  arrangement,  we  venture 
to  hope  that  our  work  will  form,  in  some  measure,  a useful  auxiliary  tc 
Ward  and  Lock’s  Educational  Series. 


THE  HISTORY 


OP 


THE  STEAM-ENGINE, 


CHAPTEE  I. 


HISTORICAIi  NOTICES  OF  THE  APPLICATION  OP  STEAM,  FROM  HERO, 
130  B.C.,  TO  SMEATON,  1772  A.D. 

The  ancients  are  known  to  have  had  an  acquaintance  with  the  utility  of 
the  power  of  steam  and  heated  air,  and  had  devised  certain  contrivances 
in  which  this  power  was  developed.  These  contrivances  were  applied  to 
no  purpose  of  utility,  but  served  as  the  means  to  excite  the  wonder  of  the 
populace,  as  the  miraculous  production  of  their  priesthood,  and  as  forming 
part  of  the  mysteries  of  their  worship.  Thus,  one  of  the  contrivances  of 
the  well-known  Hero  of  Alexandria — the  first  personage  who  figures  in 
the  stereotyped  history  of  the  steam-engine — who  fiourished  130  years 
before  Christ,  was  for  the  purpose  of  causing  wine  to  fiow  from  the  hands 
of  images  placed  beside  the  altar.  In  another  contrivance,  the  force  of 
the  vapour  of  water  was  perhaps  more  obviously  shown.  In  fig.  1,  a 


caldron  or  vase  a has  a pipe  c fitted  to  it,  terminated  by  a small  cup  d. 
On  the  caldron  being  partially  filled  with  water,  and  fire  applied  beneath 
it,  the  steam,  issuing  from  the  jet  with  considerable  velocity,  raises  and 
supports  the  ball  e so  long  as  the  steam  is  kept  up.  But  the  principal 
contrivance  for  which  Hero  is  famed,  and  one  which  in  itself  comprise 
nearly  all  the  requisites  of  a complete  prime-mover,  is  the  ‘^^loipile. 
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This  invention  is,  moreover,  all  the  more  remarkable  and  worthy  of 
notice,  from  the  fact  that  in  recent  times  it  has  been  introduced  into 
practice  as  an  economical  steam-engine.  Fig.  2 will  explain  the  arrange- 
ment of  its  parts,  and  its  operations.  Let  a be  a caldron  or  vessel  partially 
filled  with  water  and  placed  on  a fire ; two  pipes  h h communicate  with  the 
interior  of  this,  and  are  bent  at  the  top  at  right  angles  ; a^ollow  ball  c 
revolves  on  the  arms  b h,  and  has  two  pipes  e d placed  at  the  opposite  ends 
of  its  diameter  ; the  ends  of  these  pipes  are  made  up,  but  a])ertures  are 
made  in  the  opposite  sides  of  each.  The  steam  rising  through  the  tubes 
h 6,  passing  into  the  hollow  ball  c,  is  ejected  through  the  apertures  m e d; 
the  reaction  of  the  opposite  jets  of  steam  on  the  surrounding  air  causes 
the  globe  c to  rotate  with  rapidity  on  its  axis,  as  if  it  were  animated  from 
within  by  a living  spirit.”  In  fig.  3 the  relative 
arrangements  of  the  jets  from  the  tubes  6 c is 
shown;  the  globe  a revolving  in  the  direction  of 
the  arrows.  It  is  somewhat  remarkable — as 
taking  the  era  of  the  introduction  of  steam  and 
heated  air  as  a motive  power  much  further  back 
than  is  generally  supposed — that  Hero  states 
that  he  made  himself  acquainted  with  the  labours 
of  his  predecessors  and  contemporaries  in  con- 
nection with  pneumatical  contrivances,  and  that 
many  of  those  which  he  describes  in  his  Spiritalia 
seic  Pneumatica  were  not  of  his  own  invention ; 
thus  inducing  the  belief  that  this  power  was 
known  for  ages  previously,  although  its  operation, 
doubtless,  was  only  known  to  the  priests,  by  whom  it  was  applied  chiefly, 
if  not  exclusively,  for  the  purpose  of  exciting  a belief  in  their  worship- 
pers of  supernatural  intervention.  What  schoolboy  has  not  read  of  the 
mysterious  Memnon,  whose  mystic  utterance  of  sounds  has  even  yet,  in 
these  utilitarian  days,  a distinct  and  mysterious  interest,  for  no  myth  of 
the  most  graceful  mythology  is  so  significant  as  its  story.”  Yet  the 
‘‘seven  mystic  vowels,  which  are  the  very  heart  of  mysteries  to  us,”  are 
said  to  have  been  produced  by  some  of  those  pneumatic  contrivances 
which  Hero  describes.  “ When  the  secrets  of  the  waning  faith,”  says  an 
elegant  writer,  “ were  revealed  by  the  votaries  of  a rival  belief,  the  celestial 
harmony  was  then  said  to  be  produced  by  vapour,  rising  from  water 
concealed  in  a cavity  of  the  statue,  being  made  to  pass  through  a tube 
having  a small  orifice  fashioned  in  a manner  similar  to  that  of  an  organ. 
As  long  as  the  fluid  was  heated  by  the  rays  of  the  sun,  mysterious  sounds 
were  heard  by  the  assembled  worshippers,  which  died  gradually  away  as 
the  solar  influence  was  withdrawn  from  the  gigantic  idol.” 

At  this  stage  of  our  progress  an  inquiry  will  naturally  arise — how  is 
it,  that  with  all  the  ingenuity  of  the  ancients,  so  fertile  and  so  suggestive 
a power  should  have  been  allowed  to  remain  developed  only  in  the  devices 
of  priestcraft,  and  not  have  been  adapted  to  the  purposes  of  a varied  and 
general  utility  ? The  cause  of  this  apparent  neglect  may  be  traced  to  the 
same  sources  which  influenced  the  obscurity  which  has  hid  from  later 
times  the  arts  of  antiquity.  For  centuries  no  attention  seems  to  have 
been  paid  to  the  development  of  the  power  of  steam  : nevertheless,  there 
are  sufficient  indications  of  the  fact  that  its  power  was  not  altogether 


fig.  3. 
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unobserved  by  philosophers  and  men  attached  to  science ; many  in  their 
writings  hinting  at  the  power  to  be  derived  from  ‘‘  vapour,”  and  alluding 
confidently  as  to  the  capability  of  huge  engines  ” being  forced  into 
motion  by  the  power  of  this  agent.  About  the  year  1121,  according  to 
William  of  Malmesbury,  ‘‘there  were  extant  in  a church  at  Eheims,  as 
proofs  of  the  knowledge  of  Gerbert,  a public  professor  in  the  schools,  a 
clock  constructed  on  mechanical  principles,  and  a hydraulic  organ  in 
which  the  air,  escaping  in  a wonderful  manner  by  the  force  of  heated 
water,  fills  the  cavity  of  the  instrument,  and  the  brazen  pipes  emit 
modulated  tones  through  multifarious  apertures.”  On  the  revival  of 
learning  throughout  Europe,  the  dissemination  of  the  writings  of  the 
ancient  philosophers  doubtless  attracted  attention  to  many  of  these  con- 
trivances. There  is  some  probability  attached  to  the  supposition  that  the 
invention  of  Blasco  de  Garay,  a sea-captain,  introduced  into  notice  in 
1543,  was  founded  upon  or  derived  from  one  of  these.  This  was  designed 
for  the  propulsion  of  vessels,  and  appears  to  have  been  comparatively 
efficient.  Unfortunately  no  record  is  known  to  exist  from  which  a 
knowledge  of  its  parts  can  be  ascertained.  The  following  is  the  only 
account  extant : “ Commissioners  were  appointed  by  the  Emperor  Charles 
the  Fifth  to  test  the  invention  at  Barcelona,  on  the  17th  June,  1543 ; 
and  the  result  was  that  a ship  of  200  tons  burden  was  propelled  by  the 
machine  at  the  rate  of  three  miles  an  hour.”  The  moving  force  was 
obtained  from  a boiler  containing  water — liable,  as  was  said,  to  explosion ; 
and  paddle-wheels  were  the  propelling  power.  Strange  as  it  may  appear, 
no  further  result  was  obtained  from 
this  trial,  and  the  invention  was  lost 
sight  of.  Towards  the  close  of  the 
sixteenth  century  numerous  expedients 
and  mechanical  contrivances  for  rais- 
ing water  were  described  in  published 
works;  these  being  based  in  principle 
on  the  contrivances  detailed  by  Hero. 

Bap tista Porta,  the  well-known  inven- 
tor of  the  earner a-obscura,  published 
in  1606  a commentary  on  Hero’s 
Fmumatica,  in  which  he  describes  the 
arrangement  which  is  illustrated  in 
fig.  4.  Let  a be  a furnace,  and  h a 
small  boiler  or  receptacle  for  the 
water  to  be  heated ; on  the  steam 
rising  up  the  tube  c,  which  is  con- 
tinued nearly  up  to  the  top  of  the 
air-tight  box  d d containing  water, 
it  presses  on  the  surface  of  the 
water  and  forces  it  out  through  the 
tube  e,  which  is  continued  down 
nearly  to  the  bottom  of  the  box  d d. 

This  contrivance,  although  the 
author  made  no  application  of  it  for 
5 thp  purpose  of  raising  water,  is 
worthy  of  notice,  as  it  contains  within  4, 
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itself  the  first  known  germ  of  an  important  distinction  in  steam-mechanism, 
namely,  the  adaptation  of  a separate  vessel  for  containing  the  water  ta 
be  raised,  from  tliat  in  which  the  steam  or  vapour  was  generated.  Baptista 
Porta  gives  this  arrangement  merely  as  carried  out  in  an  experiment  on 
the  relative  bulks  of  water  and  steam. 

Solomon  de  Caus,  in  a work  dated  Heidelberg,  in  1615,  entitled  Le& 
Raisons  des  Forces  mouvantes  avec  diverses  Machines  tant  utiles  que 
plaisantes,  amongst  a variety  of  insignificant  and  fanciful  theories  and 
descriptions,  gives  an  arrangement  by  which  water  is  raised  above  its  level. 

In  fig.  5 we  give  an  illustration  of  De  Caus’  theorem 
on  this  point.  Let  a a be  a ball  of  copper,  having  a 
pipe  c by  which  to  partially  fill  a a with  water ; 
another  pipe  h h reaching  nearly  to  the  bottom  of  the 
globe  is  also  provided.  On  placing  the  globe  on  a 
fire  and  carefully  stopping  up  the  vent  c,  the  steam  or 
vapour  pressing  on  the  water  m a a presses  it  up  the 
tube  h b. 

In  1629,  in  a work  published  by  Giovanni  Branca, 
a description  is  given  of  a contrivance  in  which  the 
force  of  steam  was  used  as  the  actuating  power. 
The  water  is  heated  in  a vessel  the  upper  part  of 
which  is  fashioned  like  a head ; from  the  lips  of  this 
a pipe  or  tube  issues,  which  directs  the  steam  against 
the  vanes  or  boards  of  a wheel,  made  somewhat  like 
an  undershot  wheel ; this  is  made  by  the  impinging 
of  the  steam  on  the  floats  or  vanes,  to  rotate  rapidly. 
The  wheel  is  placed  horizontally,  as  6,  fig.  6 ; in  the 
vertical  axis  of  this  a small  trundle  c is  placed,  Avhich  actuates  the  face- 
wheel  dy  and  gives  motion  ultimately  to  stampers  for  compounding  drugs 
in  mortars.  It  is  stated  by  some  writers  that  this  machine  was  actu- 
ally in  use  for  the  above  purpose ; this  is  doubted,  however,  and  it  is 


fig.  6. 


doubtful,  also,  whether  Branca  was  the  real  inventor,  as  his  book  is  avowedly 
“ a collection  of  machines  invented  by  others  ; and  this  mode  of  moving 
a wheel  by  steam  is  probably,  therefore,  an  idea  of  which  he  is  the  mere 
illustrator.” 
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From  tlio  period  now  arrived  at,  up  to  the  middle  of  the  seventeentli 
century,  history  records  no  advances  towards  the  improvement  of  the 
steam-engine.  All  the  contrivances  hitherto  noticed  seem  to  have  been 
more  the  result  of  closet  study  than  every-day  practice  : more  to  be  looked 
upon  as  the  playthings  of  our  philosophers  than  the  purposed  inventions 
of  the  practical  mechanic.  To  this,  however,  De  Garay's  steam-boat  pro- 
peller may  perhaps  be  an  exception  ; nevertheless  it  can  be  classed  only  as 
an  experiment,  and  the  barren  results  of  which,  in  all  probability,  arose 
from  some  inherent  defect  in  its  principle  or  construction.  At  all  events, 
up  to  the  interesting  period  we  now  approach,  no  useful  application  of 
steam  to  the  practical  purposes  of  every-day  life  had  yet  been  successfully 
introduced. 

In  1663  the  Marquis  of  Worcester,  a nobleman  who  had  undergone 
many  changes  of  fortune  in  the  civil  wars  of  England,  published  a work 
entitled  A Century  of  the  Names  and  Scantlings  of  such  Inventions  as 
at  present  I can  call  to  mind  to  have  tried  and  perfected,  which,  my  former 
notes  being  lost,  I have,  at  the  instance  of  a powerful  friend,  endeavoured 
now,  in  the  year  1655,  to  set  down  in  such  a way  as  may  sufficiently 
instruct  me  to  put  any  of  them  in  practice.”  Amongst  the  numerous 
devices  which  he  enumerates,  the  following  is  the  one  which  is  closely  con- 
nected with  our  present  subject: — ‘^An  admirable  and  most  forcible  way 
to  drive  up  water  by  fire ; not  drawing  or  sucking  it  upward,  for  that  must 
be,  as  one  philosopher  calls  it,  infra  sphceriim  activitatis,  which  is  not  at 
such  a distance : but  this  way  hath  no  bounds  if  the  vessel  be  strong 
enough  ; for  I have  taken  a piece  of  a whole  cannon  whereof  the  end  was 
burst,  and  filled  it  three  quarters  full,  stopping  and  screwing  up  the  open 
end,  as  also  the  touch-hole,  and  making  a constant  fire  under  it.  Within 
twenty-four  hours  it  burst,  and  made  a great  crack  ; so  that  having  a way 
to  make  my  vessels  so  that  they  are  strengthened  by  the  force  within  them, 
and  one  to  fill  after  the  other,  I have  seen  the  water  run  like  a constant 
fountain-stream  forty  feet  high.  One  vessel  of  water  rarefied  by  fire 
driveth  up  forty  of  cold  water  ; and  a man  that  tends  the  work  has  but  to 
turn  two  cocks,  that  one  vessel  of  water  being  consumed,  another  begins 
to  force  and  refill  with  cold  water,  and  so  successively ; the  fire  being 
tended  and  kept  constant,  which  the  selfsame  person  may  likewise  abun- 
dantly perform  in  the  interim  between  the  necessity  of  turning  the  said 
<3ocks.”  The  connection  between  this,  the  sixty-eighth  proposition  of  the 
Marquis,  and  the  two  following,  being  the  ninety -eighth  and  one  hun- 
dredth, has  been  pretty  conclusively  established  by  a writer  in  the  second 
volume  of  the  Glasgo7v  Mechanics  Magazine : An  engine  so  con- 

trived,” says  the  proposition,  that  working  the  primum  mobile  forward 
or  backward,  upward  or  downward,  circularly  or  cornerwise,  to  and  fro, 
straight  upward  or  downright,  yet  the  pretended  operation  continueth 
and  advanceth,  none  of  the  motions  above  mentioned  hindering,  much  less 
stopping,  the  other ; but  unanimously  and  with  harmony  agreeing,  they 
all  augment  and  contribute  strength  unto  the  intended  work  and  opera- 
tion ; and  therefore  do  I call  this  a semi-omnipotent  engine,  and  do  intend 
that  a model  thereof  be  buried  with  me.”  The  next  proposition  is  as 
follows  : — How  to  make  one  pound  weight  to  raise  an  hundred  as  high 
as  one  pound  falleth,  and  yet  the  hundred  pounds  descending  doth  what 
nothing  less  than  one  hundred  pounds  can  effect.” 
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^^Upon  SO  potent  a help  as  these  two  last-mentioned  inventions,  a 
waterwork  is,  hy  many  years’  experience  and  labour,  so  advantageously 
by  me  contrived,  that  a child’s  force  bringeth  up  a hundred  feet  high  an 
incredible  quantity  of  water,  even  two  feet  diameter,  so  naturally,  that 
the  work  will  not  be  heard  tnto  the  next  room  ; and  with  so  great  care 
and  geometrical  symmetry,  though  it  work  day  and  night  from  one  end  of 
the  year  to  the  other,  it  will  not  require  forty  shillings*  reparation  to  the 
whole  engine,  nor  hinder  one  day’s  work ; and  I may  call  it  the  most  stu- 
pendous work  in  the  whole  world : and  not  only  with  little  charge  to  drain 
all  sorts  of  mines,  and  furnish  cities  with  water,  though . never  so  high- 
seated,  as  well  as  to  keep  them  sweet,  running  through  several  streets,  and 
so  performing  the  work  of  scavengers,  as  well  as  furnishing  the  inhabitants 
with  sufficient  water  for  their  private  occasions, — but  likewise  supplying 
rivers  with  sufficient  to  maintain  and  make  them  portable  from  town  to 
town,  and  for  the  bettering  of  lands  all  the  way  it  runs.  With  many  more 
advantages,  and  yet  greater  effects  of  profit,  admiration,  and  consequence; 
so  that  deservedly  I deem  this  invention  to  crown  my  labours,  to  reward 
my  expenses,  and  make  my  thoughts  acquiesce  in  the  way  of  further  inven- 
tions.” “ The  primum  mobile”  says  a writer  of  authority  on  the  steam- 
ongine,  “is  here  evidently  the  force  of  steam,  that,  flow  in  whatever 
direction  it  may,  is  still  capable  of  exerting  the  same  mechanical  power ; 
and  the  movements,  however  numerous,  can  be  made  not  to  interfere  with 
each  other.  The  fall  of  a pound  weight  raising  a hundred  pounds  weight, 
clearly  refers  to  a mechanism  like  a piston  : one  weighing  a pound  attached 
to  a lever  would  raise  one  hundred  pounds  as  high  as  one  pound  falleth  ; 
and  were  the  weight  of  water  to  fall  on  a water-wheel,  for  instance,  as  is 
now  often  practised,  it  would  raise  a quantity  very  nearly  equal  to  its  own 
weight,  and  to  the  same  height  from  which  it  fell.  A child’s  force,  too, 
would  be  sufficient  to  turn  a cock  even  of  a large  engine ; and  the  small 
noise  made  by  this  description  of  machinery,  and  its  working  day  and 
night  without  intermission  or  impairing  its  power,  are  circumstances  in 
the  use  of  the  machine  now  familiar  to  every  person.  It  would  be  difficult 
to  give  a clearer  description  of  the  action  of  a steam-engine  in  general 
terms,  without  a special  explanation  of  its  minutiie  and  principles.  In  this 
case,  however,  it  obviously  was  the  intention  of  Lord  Worcester  to  conceal 
both.”  No  drawing  of  this  form  of  engine  is  extant,  by  which  a notion  of 
its  arrangements  can  be  obtained.  Diagrams  have,  however,  been  given 
by  various  writers,  detailing  arrangements  by  which  the  effects  as  noticed 
by  the  marquis  could  be  obtained.  Those  curious  in  the  matter,  will  find 
diagrams  in  Mr.  Stuart’s  work,  Historical  and  Descriptive  Anecdotes  of  tho 
Steam-engine, 

It  will  be  interesting  to  trace  briefly  the  evidence  which  has  been  col- 
lected in  support  of  the  opinion  that  the  Marquis  of  Worcester  had  actually 
carried  his  engine  into  practical  effect,  this  being  with  many  a debatable 
point.  In  looking  over  the  proposition  of  his  celebrated  work,  it  will  be 
observed  that  he  speaks  of  having  ^^seen  the  water”  raised  ; of  “ having  a 
wag  to  make  his  vessels.”  Again,  although  the  marquis’s  veracity  may  be 
doubted  in  these  incidental  notices,  it  is  worthy  of  note  that  a manuscript 
found  after  his  death  bore  this  heading  : “ The  Lord  Marquis  of  Worces- 
ter’s ejaculatory  and  extemporary  tlianksgiving  prayer  when  first  with  his 
corporeal  eye  he  did  see  fiuisliod  a perfect  trial  of  his  water-commanding 
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engine,  delightful  and  useful  to  whomsoever  hath  in  recommendation  either 
knowledge,  profit,  or  pleasure.”  Other  corroborative  evidence  might  be 
given,  but  it  is  deemed  sufficient  to  append  a very  conclusive  statement  of 
one  who  was  neither  influenced  by  prejudice  or  interest.  The  evidence  to 
which  we  allude  is  that  given  by  Cosmo  de  Medicis,  Grand  Duke  of  Tus- 
cany, who  visited  England  about  the  period  of  the  invention,  and  whose 
movements  during  his  travels  were  duly  recorded  by  his  secretary.  Under 
date  May  28th,  1699,  is  the  following  entry : His  Highness,  that  he 

might  not  lose  the  day  uselessly,  went  again  after  dinner  to  the  other  side 
of  the  city,  extending  his  excursion  as  far  at  Yauxhall,  beyond  the  palace 
of  the  Archbishop  of  Canterbury,  to  see  an  hydraulic  machine  invented  by 
my  Lord  Somerset,  Marquis  of  Worcester.  It  raises  water  more  than 
forty  geometrical  feet  by  the  power  of  one  man  only ; and  in  a very  short 
space  of  time  will  draw  up  four  vessels  of  water  through  a tube  or  channel 
not  more  than  a span  in  width,  on  which  account  it  is  considered  to  be  of 
greater  service  to  the  public  than  the  other  machine  at  Somerset  House.” 
‘‘  This,  therefore,  is  superior  in  its  operations  to  another  machine  by  a 
different  mechanic,  and  applied  to  the  same  purpose”  The  following  is  the 
entry  in  the  Duke’s  journal  of  the  other  machine  to  which  allusion  was 
made  in  the  first  entry : His  Highness  went  to  see  an  hydraulic  machine 

raised  upon  a wooden  tower  in  the  neighbourhood  of  Somerset  House, 
which  is  used  for  conveying  the  water  of  the  river  to  the  greatest  part  of 
the  city.  It  is  put  in  motion  by  two  horses,  which  are  continually  going 
round ; it  not  being  possible  that  it  should  receive  its  movements  from  the 
current  of  the  river,  as  in  many  other  places  where  the  rivers  never  vary 
in  their  course.”  Nothing  can  be  more  satisfactory,”  says  Mr.  Stuart, 
than  this  last  notice.  The  water  in  the  hydraulic  machine  at  Yauxhall, 
by  the  most  easy  inference,  was  not  elevated  by  a water-wheel,  otherwise 
the  Grand  Duke  would  not  have  omitted  so  striking  a deviation  from  that 
at  Somerset  House.  The  effect  was  equal  to  that  of  another  worked  by 
two  horses  ; and  a tyro  in  mechanics  would  at  first  sight  say,  that  no  com- 
bination of  machinery  could  accomplish  that  work  by  one  man  which  it 
required  the  power  of  twelve  men  to  do  in  another.  From  all  the  circum- 
stances, therefore,  it  appears  to  us  clear  that  this  great  effect  was  produced 
by  some  sort  of  a steam-engine : the  very  identical  ‘ most  stupendous 
water-commanding  engine;’  ‘the  semi-omnipotent  engineV  the  ‘admirable 
and  most  forcible  way  to  drive  up  water  by  fire.’” 

The  introduction  of  this,  the  first  “ feasible”  scheme  to  produce  useful 
effects  by  the  power  of  steam,  may  be  said  to  be  the  turning-point  in  the 
history  of  the  steam-engine.  From  this  time  the  march  of  progressive  im- 
provement was  rapid  and  uninterrupted ; invention  followed  invention, 
improvement  succeeded  improvement,  until  the  steam-engine  arrived  at 
its  present  potent  condition.  From  this  stage  of  our  labours  we  shall  cease 
to  record  the  crude  and  visionary  speculations  of  the  philosopher  or  en- 
thusiast ; but  have  the  more  useful  and  pleasant  task  of  describing  the 
practical  results  of  the  labours  and  ingenuity  of  our  engineers  and 
mechanics. 

It  is  supposed  by  some  engineers,  that  the  method  of  raising  water  by 
steam,  on  the  principle  of  atmospheric  pressure  (or  the  vacuum),  was  not 
unknown  to  the  Marquis  of  Worcester  ; and  that  it  is  probable  that  in  the 
engine  mentioned  by  the  Grand  Duke  of  Tuscany  this  agency  was  taken 
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advantage  of.  This  is,  of  course,  mere  conjecture ; but  in  Savery’s  in- 
vention next  in  chronological  order,  now  to  be  noticed,  atmospheric  pres- 
sure, or  the  formation  of  a vacuum,  was  a distinguished  feature.  The 
period  of  the  introduction  of  this  engine  may  be  looked  upon  as  the  com- 
mencement of  the  practical  era ; the  very  mode  in  which  the  inventor 
ushered  it  into  the  world,  and  presented  its  claims  to  consideration,  proved 
this.  In  place  of  clothing  his  description  in  the  studied  mysticism  of 
words,  which  had  been  the  endeavour  of  all  those  who  had  preceded 
Savery  in  describing  inventions  in  connection  with  the  subject,  he  fully 
explained  the  principles  of  its  action  and  the  details  of  its  arrangements  ; 
and  instead  of  giving  exaggerated  statements  of  its  power  and  economy, 
he  practically  detailed  the  reasons  why  he  believed  it  to  be  a cheaper 
method  of  raising  water  from  mines  than  any  other  plan  then  in  operation ; 
and  earnestly  invited  parties  interested  to  inspect  the  machine  in  opera- 
tion, and  form  their  own  opinion  as  to  its  working  value.  Very  little  is 
unfortunately  known  of  this  ingenious  man. 

In  1698  he  obtained  a patent  from  William  the  Third  for  raising 
water,  and  occasioning  motion  to  all  sorts  of  mill-work,  by  the  impellant 


force  of  fire and  in  1699  he  exhibited  a model  of  his  engine  before  the 
Hoyal  Society,  a description  and  illustration  of  which  is  given  in  cheir 
Transactions^  vol.  xxi.  p.  228.  In  1702  he  published  a work  entitled 
The  Miner  s Friend,  written  in  a lively  and  interesting  style,  and  con- 
taining a full  and  circumstantial  account  of  the  arrangements  and  opera- 
tion of  the  engine.  The  following  is  a description.  In  fig.  7,  which  is 


savery’s  engine. 


21 


a perspective  view  of  the  whole  apparatus,  a a are  the  furnaces  which 
contain  the  boilers ; i 1,  5 2,  the  two  fire-places  ; the  funnel  or  chimney, 
which  is  common  to  both  furnaces.  In  these  two  furnaces  are  placed  two 
vessels  of  copper,  which  I call  boilers  ; the  one  large,  as  /,  the  other  small, 
as  d,  d,  the  small  boiler  contained  in  the  furnace  which  is  heated  by  the 
fire  at  52;  e,  the  pipe  and  cock  to  admit  cold  water  into  the  small  boiler 
to  fill  it ; /,  the  screw  that  covers  and  confines  the  cock  e to  the  top  of  the 
small  boiler  ; g,  a small  gauge-cock  at  the  top  of  a pipe  going  within  eight 
inches  of  the  bottom  of  the  small  boiler ; 5,  a larger  pipe,  which  goes  the 
" same  depth  into  the  small  boiler;  a clack  or  valve  at  the  top  of  the  pipe 
h (opening  upwards)  ; 7^,  a pipe  going  from  the  box  above  the  said  clack 
or  valve  in  the  great  boiler,  and  passing  about  an  inch  into  it.  I I,  the 
great  boiler  contained  in  the  other  furnace,  which  is  heated  by  the  fire  at 
b 1 ; m,  the  screw  with  the  regulator  which  is  moved  by  the  handle  ;r,  and 
opens  or  shuts  the  apertures  at  which  the  steam  passes  out  of  the  great 
boiler  into  the  steam-pipes  o o ; a small  gauge-cock  at  the  top  of  a pipe 
which  goes  halfway  down  into  the  great  boiler  ; o o,  steam-pipes,  one  end 
of  each  screwed  to  the  regulator,  the  other  ends  to  the  receivers  pi,  p2, 
to  convey  the  steam  from  the  great  boiler  into  these  receivers  ; p 1,  p 2, 
copper  vessels  called  receivers,  which  are  to  receive  the  water  which  is  to 
be  raised ; q,  screw  joints  by  which  the  branches  of  the  w^ater-pipes  are 
connected  with  the  lower  parts  of  the  receivers  ; r 1,  r 2,  r 3,  r 4,  valves 
or  clacks  of  brass  in  the  water-pipes,  two  above  the  branches  o,  and  two 
below  them ; they  allow  the  water  to  pass  upwards  through  the  pipes,  but 
prevent  its  descent ; there  are  screw-plugs  to  take  out  on  occasion,  to  get 
at  the  valves  r ; s,  the  forcing  pipe,  which  conveys  the  water  upwards  to 
its  place  of  delivery,  when  it  is  forced  out  from  the  receivers  by  the  im- 
pellent steam  ; t,  the  sucking  pipe,  which  conveys  the  water  up  from  the 
bottom  of  the  pit,  to  fill  the  receivers  by  suction ; a square  frame  of  wood, 
or  a box  with  holes  round  its  bottom  in  the  water,  encloses  the  lower  end 
of  the  sucking  pipe,  to  keep  away  dirt  and  obstructions  ; x,  a cistern  with 
a buoy-cock  coming  from  the  force-pipe,  so  as  it  shall  always  be  kept 
filled  with  cold  w^ater ; y,  a cock  and  pipe  coming  from  the  bottom  of  the 
said  cistern,  with  a spout  to  let  the  cold  water  run  down  on  the  outside  of 
either  of  the  receivers,  y?  1,  p2  ) z,  the  handle  of  the  regulator,  to  move 
it  by,  either  open  or  shut,  so  as  to  let  the  steam  out  of  the  great  boiler  into 
either  of  the  receivers.” 

The  method  by  which  Savery  managed  to  keep  up  the  supply  in  the 
large  boiler,  for  the  purpose  of  evaporation,  is  highly  ingenious.  Let  a, 
fig.  8,  represent  the  small  boiler,  which  is  supplied  with  water  from  the 
force-pipe  s by  the  pipe  e,  supplied  with  a stop-cock  (fig.  7) ; a pipe,  lu 
descends  within  eight  inches  of  the  bottom  of  the  boiler,  and  is  provided 
with  a valve,  i,  opening  upwards ; this  pipe  is  connected  with  the  large 
boiler  I,  The  following  is  the  operation,  as  described  in  the  inventor  s own 
words  : When  it  is  thought  fit  by  the  person  tending  the  engine  to  re- 

plenish the  great  boiler  (which  requires  about  an  hour  and  a half  or  two 
hours  to  the  sucking  one  foot  of  water),  he  turns  the  cock  e,  so  that  there 
can  be  no  communication  between  the  force-pipe  s and  the  small  boiler  d, 
and  putting  in  a little  fire  under  the  small  boiler  at  6 2 (fig.  7),  the  water 
will  then  grow  presently  hot ; and  when  it  boils,  its  own  steam,  which  hath 
no  vent  out,  will  gain  more  strength  than  the  steam  in  the  great 
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boiler.  . . . The  water  in  the  small  boiler,  being  depressed  by  its  own 
steam  pressing  on  its  surface,  will  force  the  water  up  the  pipe  li,  through  k, 
into  the  great  boiler  I ; and  so  long  will  it  run,  till  the  surface  of  the  small 
boiler  d gets  to  be  as  low  as  the  bottom  of  h ; and  then  the  steam  and 
water  will  run  together,  and  by  its  noise,  and  rattling  of  the  clack  i,  will 
give  sufficient  assurance  to  him  that  works  the  engine  that  the  small  boiler 
hath  emptied  and  discharged  itself  into  the  greater  one  I,  and  carried  in  as 
much  water  as  is  then  necessary ; after  which,  by  turning  the  cock  e again, 
you  may  let  fresh  cold  water  out  of  the  force-pipe  s (see  fig.  7)  into  the 
lesser  boiler  d,  as  before ; and  thus  there  will  be  a constant  motion  and 
continual  supply  of  the  engine,  without  fear  or  disorder.  And  inasmuch 
as  from  the  top  of  the  small  boiler  d to  the  bottom  of  the  pipe  h there  is 
contained  about  as  much  water  as  will  replenish  the  great  boiler  I one  foot, 
so  you  may  be  certain  it  is  replenished  one  foot  of  course.’^  Captain 


Savery  also  introduced  a contrivance  by  which  the  depth  of  the  water  in 
the  boilers  could  be  ascertained ; this  he  termed  a ‘^gauge-cock,”  the  prin- 
ciple of  which  is  illustrated  in  fig.  8,  at  c,  n,  which  are  pipes  continued  down 
to  within  eight  inches  of  the  bottom  of  the  boilers.  When  the  attendant 
is  desirous  of  knowing  when  the  great  boiler  wants  replenishing,  he  opens 
the  stop-cock  in  connection  with  the  pipe  n ; if  water  issues  from  it,  the 
supply  of  water  is  sufficient ; if  steam  issues  from  it,  it  is  an  evidence  that 
the  boiler  requires  a supply  of  water.  By  the  cock  c it  is  easily  ascertained 
whether  the  small  boiler  requires  a supply  of  cold  water  from  the  force-pipe 
s.  This  contrivance  is  still  in  use,  the  best  evidence  of  the  practical  value 
of  Savery's  ingenuity. 

Such  is  a brief  description  of  Savery’s  celebrated  “ fire-engine,”  an  in- 
vention remarkable  alike  for  the  judiciousness  of  its  arrangements,  and  the 
practical  purposes  for  which,  at  the  period,  it  was  introduced.  Considerable 
discussion  has  arisen  as  to  whether  Savery  really  invented  the  engine,  or 
derived  his  ideas  from  other  sources,  as  the  invention  of  the  Marquis  of 
Worcester.  Desaguliers  details  an  evidently  got-up  story  of  Savery  having 
bought  up  the  copies  of  the  pampfilet  of  the  marquis,  with  a view  to  do 
away  with  all  evidence  of  priority  of  invention  on  the  part  of  the  marquis. 
There  is  no  evidence  that  this  was  done  by  Savery  : to  buy  up  the 
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pamphlets  of  the  marquis  would  liave  been  a useless  labour,  for  it  is 
altogether  improbable  that  all  recollection  of  an  engine  erected  at  Yaux- 
hall,  as  reported  by  the  G-rand  Duke  of  Tuscany,  should  have  vanished 
from  the  minds  of  many,  then  alive,  who  would  have  witnessed  its  action  ; 
moreover,  many  of  the  contemporaries  of  the  marquis  Avere  alive  at  the 
period  when  Savery  introduced  his  engine,  some  of  them  also  members  of 
the  Eoyal  Society,  before  which  Savery,  as  we  have  seen,  displayed  a model 
of  his  engine.  But  the  ingenuity  of  the  arrangements  of  the  engine  itseb 
conveys  with  it,  we  think,  the  undoubted  stamp  of  originality.  One 
honour — and  that  a high  one — can  at  all  events  be  ascribed  to  Savery 
without  dispute,  and  that  is  of  being  the  person  who  introduced  into  ex- 
tended use  an  invention  calculated  to  be  of  high  practical  value ; and  this 
labour,  the  work  of  which  the  world  is  not  slow  to  estimate  highly,  he 
performed  in  the  face  of  what  he  termed  the  “ oddest  and  almost  insuper- 
able difficulties,^’  with  a perseverance  and  indomitable  courage  entitled  to 
the  highest  commendation.  And  after  all,  he  who,  in  spite  of  the  opposi- 
tion of  prejudice  and  interest,  succeeds  in  introducing  into  use  inventions 
calculated  to  promote  the  interests  of  humanity,  is  entitled  to  a higher 
reward,  and  to  have  the  value  of  his  labours  judged  of  from  a higher 
standard,  than  he  whose  services  are  confined  to  the  mere  discovery  or 
theoretical  elaboration  of  a mechanical  or  philosophical  invention. 

Toricelli,  after  the  death  of  Galileo,  discovered  that  the  flowing  of 
water  (open  to  the  atmosphere)  into  any  vacuous  space  was  owing  to  the 
pressure  of  the  atmosphere,  acting  upon  all  bodies  at  the  earth's  surface 
Avith  a definite  pressure.  In  1672  the  celebrated  Otto  Guericke,  in  his 
Experimenta  Magdehurgica,  detailed  an  apparatus  by  Avhich  he  could  raise 
heavy  weights.  In  fig.  9 we  give  a diagram  illustrative  of  the  arrange- 
ment. Let  a be  a cylinder  in  Avhich  a 
piston  h works,  air-tight ; the  piston-rod 
h has  a rope  attached  to  it  passing  over  the 
pulleys  c c,  and  continued  to  suspend  a 
board  e containing  heavy  Aveights.  Sup- 
pose that  by  means  of  an  air-pump  the 
space  below  the  piston  (the  piston  being 
raised  to  the  top  of  the  cylinder  by  the 
weights  on  e)  is  deprived  of  its  contained 
air,  and  a vacuum,  more  or  less  perfect, 
produced,  the  pressure  of  the  external 
atmosphere  would  cause  the  piston  to 
descend,  raising  the  weights  on  e ; noAV  if 
a small  stop-cock  were  opened  to  admit 
air  at  the  lowest  part  of  the  cylinder  beloAV 
thepiston,the  weights  would  pull  the  piston 
up  to  the  top  of  the  cylinder,  the  pres-  I5g.  9. 

sure  of  the  atmosphere  being  equal  on 

both  sides  of  the  piston.  By  making  a vacuum,  as  before,  beneath 
the  piston,  it  would  descend  ; and  thus,  by  repeating  the  process,  the 
weights  might  be  made  to  ascend  and  descend.  The  efficiency  of  a vacuum 
to  raise  heavy  weights  was  thus  established  by  means  of  this  arrangement, 
and  was  no  doubt  pretty  universally  known  at  the  period  of  Savery’s  patent. 
It  is  clear,  however,  that  to  withdraw  the  air,  to  produce  a vacuum  by 
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means  of  an  air-pump,  was  too  expensive  and  tedious  an  operation  to  be 
thought  of  as  a working  medium.  Although  there  is  no  direct  evidence 
of  the  fact,  it  is  supposed  that  the  Marquis  of  Worcester  was  acquainted 
with  the  method  of  forming  a vacuum  by  condensing  steam  in  close  vessels; 
and,  indeed,  that  the  principle  was  carried  out  in  the  engine  erected  by 
him  at  Yauxhall.  Savery  introduced  the  principle  in  his  engine,  as  we 
have  already  shown ; indeed,  in  his  patent,  he  claims  the  method  of 
making  a speedy  vacuum  by  condensing  steam.’'  But  another  claimant 
has  been  put  forward  for  the  honour  of  the  discovery.  This  claimant 
is  the  well-known  Denis  Papin.  Denis  Papin  was  born  in  France. 
Being  a Protestant,  he  was  forced  to  leave  France  on  the  revoca- 
tion of  the  edict  of  Nantes,  and  coming  to  England,  was  employed  by 
the  celebrated  Mr.  Boyle  to  assist  him  in  his  experiments.  In  1680  he 
was  elected  a member  of  the  Eoyal  Society.  It  was  during  his  stay  in 
England  that  he  invented  his  celebrated  digester,”  in  which,  with  the 
aid  of  high-pressure  steam,  he  dissolved  bones,  &c.,  and  to  which  appa- 
ratus he  applied  the  important  contrivance  known  as  the  safety-valve  : ” 
and  which,  under  several  modifications,  is  in  use  at  the  present  time.  He 
exhibited  in  1685  a model  of  a machine  for  raising  water ; and  in  the 
-description  wdiich  he  himself  gave  of  it,  it  appears  that  the  water  was 
raised  by  rarefying  the  air  in  the  vessel,  into  which  it  was  impelled  by 
the  pressure  of  the  atmosphere  on  the  air  in  the  cistern.  The  mode 
by  which  he  rarefied  the  air  was  carefully  concealed.”  On  being 

appointed  to  the  Professorship  of  Mathematics  at  Marburg,  in  Oer- 
many,  he  left  England  in  1687,  in  which  country,  although  he  ranked 
high  as  a man  of  science,  he  had  met  with  little  encouragement  to  carry 
out  his  schemes.  In  Westphalia  and  at  Auvergne  he  was  employed  to 
raise  water  by  his  machines ; but  he  failed  in  doing  so.  This  result  was 
predicted  by  the  celebrated  Dr.  Hooke.  In  1690,  in  the  Acta  Erudi- 
tor  urn  of  Leipsic,  he  proposed  a method  of  raising  water  by  condensing 
steam  in  a cylinder.  The  following  is  a diagram  illustrative  of  the 
arrangement  proposed  by  Papin;  let  a a,  fig. 
10,  be  a cylinder  supplied  with  a portion  of  water 
at  c ; 5 a tight-fitting  piston,  the  stem  or  rod  of 
which  is  passed  through  the  cover  of  the  cylin- 
der ; a lever  e is  pressed  by  a spring  into  a notch 
made  in  the  piston-rod  in  such  a way  that  the 
piston  is  kept  suspended  near  the  top  of  the 
cylinder,  when  the  part  in  which  the  notch  is 
made  comes  above  the  cover ; a small  pipe  / is 
passed  through  the  cover  and  the  piston,  and 
is  capable  of  being  kept  closed  at  its  upper 
extremity  steam-tight.  The  piston  being  al- 
lowed to  fall  to  the  lower  part  of  the  cylinder, 
the  stopper  at  the  upper  part  of  the  pipe  / is 
taken  out,  and  water  introduced  beneath  the 
piston  to  the  space  c.  Fire  is  then  applied  to 
the  cylinder  a ; the  steam  thus  generated  raises 
the  piston.  On  the  notched  part  rising  above 
the  cover,  the  lever  e is  pressed  into  it,  which  sustains  the  piston  at  the 
upper  part  of  the  cylinder.  The  fire  is  then  withdrawn  from  the  appa- 
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ratiis,  and  the  cylinder  being  allowed  to  cool,  the  steam  contained  in  it 
is  condensed,  and  the  lever  e being  withdrawn  from  the  notcli,  the  atmos- 
pheric pressure  forces  the  piston  to  the  lower  part  of  the  cylinder,  carry- 
ing with  it  such  weights  as  may  be  attached  to  the  rod  applied,  as  in 
fig.  10.  A mere  glance  at  the  mode  of  operation  of  this  engine — if 
engine  it  can  be  called — will  suffice  to  show  how  incapable  it  was  of 
being  made  a practically  working  apparatus.  And  yet  it  is  really  mar- 
vellous how,  on  the  verge  of  a great  discovery,  Papin  was  content  to 
pursue  his  investigations  no  further,  and  to  abandon  his  pursuit  at 
the  moment  he  had  laid  the  foundation  of  the  splendid  mechanism  of 
the  lever  engine,  and  had  in  his  grasp  a brilliant  reward  for  a life  of 
labour.’’  With  reference  to  the  claim  put  forward  by  the  advocates  of 
Papin  and  Savery  as  to  their  discovery  of  the  principle  of  the  formation  of 
a vacuum  by  steam,  it  is  very  evident  that  neither  could  substantiate  his 
claim,  as  the  fact  that  a vacuum  could  thus  be  formed  was  known  before 
their  time ; long  before,  indeed,  the  principle  of  atmospheric  pressure 
itself  was  established.  Again,  as  to  the  charge  brought  forward  against 
Savery,  that  he  merely  carried  out  the  ideas  of  Papin,  it  is  enough  to 
know,  that  whatever  might  be  the  extent  of  the  information  Savery 
derived  from  the  labours  of  others,  he  was  the  first  to  introduce  a 
practically  useful  engine — distinct  in  many  of  its  features  from  the 
schemes  of  others,  and  presenting  those  very  qualities  which  took  it 
out  of  the  category  of  philosophers’  toys  or  the  riddles  ” of  men  of 
science,  and  placed  it  in  that  of  beneficial  agents.  And  perhaps  no  better 
tribute  can  be  paid  to  the  value  of  Savery’s  engine,  than  the  fact  that 
Papin  was  so  thoroughly  convinced  of  the  superiority  ” of  it  that  he 
abandoned  his  own  contrivance,  and  adopted  Savery’s. 

We  now  approach  the  period  of  introduction  of  a steam-engine  of  a 
still  higher  range  of  practical  value  than  Savery’s.  Before  we  proceed 
further,  however,  it  will  be  necessary  to  point  out  a few  of  the  defects  of 
Savery’s  engine.  In  the  first  place,  the  danger  of  using  the  engine  was 
considerable  from  the  high  pressure  at  which  the  steam  was  used,  and 
from  there  being  no  provision  made  for  its  escape  when  it  reached  a given 
point.  Comparing  it  with  that  now  adopted  in  certain  circumstances,  the 
pressure  was  not  great ; but  the  fact  must  be  taken  into  consideration^ 
that  the  state  of  the  mechanical  arts  as  then  existing  rendered  it  a matter 
of  extreme  difficulty,  if  not  altogether  an  impossibility,  to  procure  boilers 
and  vessels  so  strongly  and  correctly  made  as  to  be  considered  safe  under 
the  circumstances  of  usual  working.  In  the  second  place,  to  work  the 
engine  a large  expenditure  of  fuel  was  necessary.  That  this  expenditure 
was  excessive  may  be  gathered  from  these  considerations  : — As  the  vessel 
each  time  had  to  be  filled  with  cold  water  to  supply  the  vacuum,  a certain 
amount  of  the  steam  used  to  force  the  water  out  of  the  vessel  was  con- 
densed by  coming  in  contact  with  the  cold  surface,  and  the  water  had  to 
be  heated  for  a small  depth  before  the  steam  was  strong  enough  ” to 
expel  the  w^ater  from  the  receiver.  The  cold  surface  of  the  interior  of 
the  receiver  also,  with  which  the  steam  came  in  contact,  produced  con- 
densation to  such  an  amount  as  to  form  a considerable  item  in  the  cost  of 
working  the  engine.  When  to  reduce  this  loss  the  sides  of  the  receivers 
were  only  moderately  cooled,  a quantity  of  vapour  of  considerable  pressure 
remained,  impairing  the  vacuum  and  lessening  the  effective  height  to 
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whicli  the  water  could  be  raised.  This,  in  fact,  operated  at  all  times  to 
such  an  extent  as  to  limit  the  pressure  of  the  atmospheric  column  to 
twenty  or  twenty- one  feet.  There  was  still  another  objection,  and  that 
a serious  one,  namely — to  work  the  engine  required  an  attendant,  its 
efficiency  being  thus  dependent  on  his  carefulness  and  attention. 

We  have  already  explained  the  arrangement  by  which  Papin  proposed 
to  make  the  vapour  of  water  act  on  the  surface  of  a piston  moving  in 
a cylinder.  This  arrangement,  although  defective,  contained,  as  we  have 
noticed  elsewhere,  the  germ  of  the  steam-engine  in  its  practically  working 
condition ; and  this  mechanism  of  a piston  and  cylinder  was  that  which 
was  destined,  under  the  hands  of  succeeding  inventors,  to  be  an  important 
feature  in  the  modern  steam-engine.  The  inventor  who  adopted  this 
mechanism,  and  whose  engine  we  are  now  about  to  notice,  is  well  known 
in  the  history  of  the  steam-engine  as  Thomas  Newcomen,  ironmonger,  of 
Dartmouth.  In  conjunction  with  John  Cawley,  glazier,  of  the  same  place 
— to  whom,  according  to  Desaguliers,  he  communicated  his  project — he 
had  been  prosecuting  a series  of  experiments  on  the  power  of  steam.  In 
the  course  of  his  labours  he  had  written  to  the  celebrated  Dr.  Hooke,  a 
well-known  savant^  who  was  intimately  acquainted  with  the  contrivances 
of  Papin,  with  reference  to  his  project.  Dr.  Hooke,  in  a letter  to  New- 
comen, dissuaded  him  from  expending  time  and  labour  in  endeavouring 
to  produce  motion  on  Papinas  plan,  Le,  by  piston  and  cylinder ; and  made 
use  of  the  remarkable  expression,  could  he  (referring  to  Papin)  make  a 
speedy  vacuum  under  your  piston,  your  work  is  done.’’  This  expression 
shows  that  Dr.  Hooke  must  have  been  ignorant  of  the  great  rapidity  with 
which  steam  is  condensed  by  contact  with  a cold  body : or  from  being 
convinced  that  Papin  had  not  been  able  to  effect  the  arrangements  which 
he  claimed  as  his  own.  Nothing  daunted,  however,  by  this  most  dis- 
couraging opinion  from  one  who  ranked  high  as  an  authority,  Newcomen 
and  Cawley  still  prosecuted  their  experiments,  and  ultimately  brought  out 
a machine,  the  components  parts  of  which  are  still  retained  in  one  of  the 
many  forms  of  the  steam-engine.  In  the  patent  granted  to  Newcomen 
and  Cawley  in  1705,  the  name  of  Savery  was  included.  This  arose  from 
the  fact  that  the  latter  was  in  possession  of  a patent  for  a method  of 
making  a speedy  vacuum  by  condensing  steam.”  It  does  not  appear, 
however,  that  Savery  aided  in  carrying  out  the  plan  ; and  it  is  now  con- 
ceded that,  save  receiving  a portion  of  the  profits,  he  had  no  further 
connection  with  the  scheme  ; to  the  other  patentees,  therefore,  must  the 
honour  of  the  invention  be  paid.  It  is  right,  however,  to  state  that  the 
assistance  which  Cawley  rendered  is  unknown  ; and  it  appears  probable 
that  Newcomen  was  the  principal  party  to  whom  the  invention  and  its 
principal  details  were  due. 

The  nature  of  the  action  and  arrangements  of  the  engine  as  first  intro- 
duced by  Newcomen  may  be  gathered  from  the  diagram  in  fig.  II.  Let 
a be  the  furnace  heating  the  boiler  6 : c a pipe  conveying  the  steam  to  the 
interior  of  a cylinder  d,  the  upper  end  of  which  is  open  to  the  air,  in  which 
a piston  e works  ; this  is  attached  to  a lever  f oscillating  in  the  centre  g, 
and  having  at  its  other  extremity  li  a weight,  as  a pump-rod  weighted, 
wffiich,  acting  as  a counterpoise,  pulls  the  piston  up  to  the  top  of  the 
cylinder.  Now,  suppose  steam  to  be  introduced  to  the  interior  of  the 
cylinder,  and  thereafter  to  be  condensed  by  throwing  cold  water  over  the 
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exterior  surface,  a vacuum  will  be  produced  in  the  cylinder  ; and  the  at- 
mosphere pressing  on  the  upper  side  of  the  piston  will  force  it  downwards, 
and  pull  down  the  end  f of  the  great  beam,  raising  the  end  h,  and  along 
with  it  the  counterpoise-weight  or  pump-rod  there  attached.  The  power 
of  this  engine  will  obviously  depend  on  the  surface  of  piston,  the  atmos- 
phere exerting  a pressure  of  about  14‘751bs.  on  each  square  inch.  Sup- 
posing the  piston  to  be  50  inches  in  area,  the  weight  which  the  engine  I 
would  be  able  to  lift  would  be  nearly  800  lbs.  This  is  the  theoretical  view 
of  the  case ; the  practical  one  is  widely  different.  The  effect  obtained,  as  . 
above  noticed,  depends  on  the  absence  of  friction  and  the  perfect  formation  ^ 
of  a vacuum.  None  of  these  desiderata,  in  the  earlier  stages  of  the  engine, 
could  be  obtained.  To  reduce  the  friction  of  the  piston  moving  in  the 
cylinder,  the  piston  was  provided  with  packing’^  placed  round  its  edges, 
and  made  of  hemp  or  leather  well  lubricated.  The  friction,  however,  of 
the  piston  and  working-beam  was  of  so  considerable  an  amount,  that  it 


detracted  much  from  the  working  capabilities  of  the  engine.  The  bad 
formation  of  a vacuum  also  reduced  its  working-power.  When  the  void 
was  imperfect,  the  vapour  remaining  in  the  cylinder  resisted  the  atmos- 
pheric pressure  in  proportion  to  its  temperature ; this  being  tantamount 
to  reducing  the  weight  which  could  be  lifted  at  the  end  of  the  beam.  The 
fall  of  the  piston  was  also  prevented  to  a certain  extent  by  air,  which 
entered  into  the  cylinder  along  with  the  steam  from  the  boiler ; this  air 
not  being  condensed  by  the  cold  water,  remained  in  the  interior  of  the 
cylinder,  and  operated  as  an  opposing  power  to  the  descent  of  the  piston. 
This  defect,  which  was  termed  wind-logging^  continued  to  increase  in 
power  with  the  operation  of  the  engine;  and  unless  means  had  been  after- 
wards adopted,  the  air  would  have  so  increased  in  volume  as  to  stop  the 
motion  of  the  engine.  The  form  of  engine  introduced  first  by  Newcomen 
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resembled  in  some  points  that  of  Papin ; an  essential  difference  between 
them  will,  however,  be  obvious  on  consideration.  In  Papin’s  engine  the 
piston  w^as  raised  by  the  force  of  the  steam ; it  required,  therefore,  to  be 
of  a pressure  considerably  above  that  of  the  atmosphere.  In  Newcomen’s 
engine,  the  steam  was  used  at  the  ordinary  pressure,  or  212 and  only  as 
a means  of  producing  a vacuum  beneath  the  piston,  and  thus  aiding  the 
atmospheric  pressure  by  the  improved  mechanical  means.  The  substitu- 
tion, moreover,  of  the  beam  and  connecting-rods  opened  the  way  to  a great 
number  of  applications.  Hence  it  will  be  observed  that  the  name,  atmo- 
spheric engine,”  by  which  Newcomen’s  contrivance  was  known,  was  not 
so  inappropriate. 

*We  now  proceed  to  detail  the  various  improvements  introduced  from 
time  to  time,  which  resulted  in  bringing  the  atmospheric  engine  to  com- 
parative perfection.  And  first,  as  to  the  formation  of  a vacuum  in  the 
cylinder.  In  the  engine  already  described,  the  cold  water,  to  produce  the 
vacuum,  was  originally  thrown  over  the  exterior  of  the  cylinder.  This 
plan  was  productive  of  much  loss  of  w^orking  effect,  as  the  boiler,  placed 
immediately  beneath  the  cylinder,  received  the  plashings  of  the  cold  water 
on  its  surface,  and  this  happening  at  every  stroke  of  the  engine,  tended  to 
condense  the  steam  in  the  boiler.  To  obviate  this,  the  cylinder  was  sur- 
rounded wdth  an  outer  case,  leaving  a space  betw^een  it  and  the  interior 
cylinder,  into  which  space  the  cold  water  was  introduced.  A practical 
inconvenience  was  soon  discovered  to  attend  this  plan,  as  the  water  soon 
became  heated,  and  therefore  became  comparatively  useless  in  producing 
a vacuum  in  the  interior  of  the  cylinder.  Again,  it  w^as  necessary  that, 
during  the  time  when  the  cylinder  w^as  being  filled  with  steam,  the  Avater 
in  the  space  should  be  nearly  of  the  same  temperature  as  the  steam.  Means, 
therefore,  were  adopted  by  which  this  hot  water  was  quickly  withdrawn 
from  the  space  as  soon  as  the  cylinder  was  filled  with  steam,  and  cold 
water  supplied,  to  produce  the  vacuum.  These  desiderata  were  effected 
by  supplying  the  cold  water  from  a cistern  placed  immediately  above  the 
cylinder,  and  by  leading  a pipe  from  the  space  between  the  cylinder  and 
its  casing  to  a small  reservoir.  The  heated  water  thus  obtained  was  con- 
veyed to  the  boiler,  compensating  in  some  measure  for  the  loss  of  power 
from  causes  already  named.  It  is  evident  that  if  no  means  were  taken  to 
prevent  it,  the  successive  condensations  of  the  steam  in  the  interior  of  the 
cylinder  would  produce  water,  which  in  time  would  fill  it.  To  remove 
this  water,  a pipe  was  inserted  in  the  bottom  of  the  cylinder,  and  conducted 
to  a distance  of  at  least  thirty  feet  below  it.  It  w^as  necessary  to  take 
this  so  far  down  to  counteract  the  force  of  the  atmospheric  pressure,  as  the 
pipe  communicated  wdth  a vacuum. 

The  air  wdiich  found  its  way  to  the  interior  of  the  cylinder  was  ejected 
into  the  atmosphere  through  a pipe  furnished  wdth  wdiat  w^as  called  a snift^ 
ing-valve^  opening  upw^ards  into  a kind  of  cup  containing  water.  As  the 
piston  descended  it  forced  the  air  through  this  valve,  the  w^ater  keeping  it 
tight  after  the  air  escaped.  The  piston  was  rendered  tight  by  a small 
quantity  of  water  placed  on  its  upper  side;  this  was  supplied  by  a small 
pipe  from  the  cistern  above  the  cylinder.  The  pipe  from  the  boiler  to  the 
cylinder  was  furnished  with  a cock,  by  'which  the  supply  of  steam  'was 
regulated. 

The  operation  of  the  engine,  as  thus  constructed,  is  easily  understood. 
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On  the  steam  being  raised  at  a temperature  of  212®,  and  the  cock  on  the 
steam-pipe  opened,  the  counterpoise — suppose  this  to  be  the  weighted  rod 
of  a pump  for  withdrawing  water  from  a mine — draws  the  piston  to  the 
top  of  the  cylinder  ; the  supply  of  steam  is  then  shut  off  by  turning  the 
cock  on  the  steam-pipe  to  its  original  position.  The  cold  water  is  now 
admitted  to  the  space  between  the  cylinder  and  its  casing,  the  steam  under 
the  piston  being  condensed  ; the  atmospheric  pressure  on  the  upper  side  of 
the  piston  forces  it  downwards,  drawing  along  with  it  the  end  of  the  beam, 
and  raising  the  other,  and  also  the  water  in  the  pump ; the  cold-water 
cock  is  then  shut,  and  the  steam  opened.  An  equilibrium  being  thus  estab- 
lished on  both  sides  of  the  piston,  the  counterpoise  draws  it  up  to  the  top 
of  the  cylinder  ; the  cock  of  the  pipe  to  withdraw  the  hot  water  from  the 
•space  around  the  cylinder  is  opened,  and  the  water  descends  to  the  cistern  ; 
the  cold-water  cock  is  immediately  opened,  and  the  condensation  being 
effected,  the  piston  descends  as  before. 

In  the  spring  of  17 12  Newcomen  succeeded  in  obtaining  a contract 
for  drawing  water  from  a mine  at  Wolverhampton.  The  erection  of  this 
engine  was  the  occasion  of  a quicker  means  of  obtaining  a vacuum  being 
accidentally  discovered.  As  before  described,  the  piston  was  kept  tight 
by  water  playing  on  its  upper  surface ; on  the  first  trial  of  this  engine,  it 
made  several  strokes  in  quick  succession.  After  a search,  they  found  a 
hole  in  the  piston,  which  let  the  cold  reciter  in  to  condense  the  steam  in  the 
inside  of  the  cylinder,^'  The  method  of  effecting  the  condensation  was 
therefore  changed ; and  effected  henceforth  by  injecting  cold  water  into 
the  interior  of  the  cylinder,  d'he  diagram  in  fig.  12  shows  this  arrange- 
ment : a a the  cylinder,  h the  piston,  c a pipe 
leading  from  the  cold-water  cistern,  and  pro- 
vided with  a cock  to  regulate  the  supply  ; the 
lower  extremity  of  this  pipe  is  inserted  in  the 
bottom  of  the  cylinder,  and  the  water  is  de- 
livered in  the  form  of  a jet  d,  and,  diffusing 
itself  among  the  stream,  the  condensation  is 
quickly  effected ; e the  snifting  valve  and 
pipe  ; f the  pipe  30  feet  long,  for  taking  away 
the  hot  water  from  the  cylinder.  This  plan 
of  obtaining  a quick  condensation  suggested 
also  a means  of  regulating  the  speed  of  the 
engine  in  cases  where  the  weight  to  be  lifted 
was  variable,  by  throwing  in  a greater  or  less 
quantity  of  injection- water,  thus  producing  a 
vacuum  more  or  less  perfect.  Notwithstand- 
ing the  very  great  improvements  thus  effected 
in  the  atmospheric  engine,  its  usefulness  Avas 
much  restricted,  and  this  from  the  unremitting 
attention  which  its  operation  demanded  from 

the  attendant.  When,  for  instance,  the  attendant  opened  the  steam- 
cock,  he  was  obliged  to  watch  the  descent  of  the  piston,  and  at  the  instant 
when  it  was  elevated  to  the  proper  height,  it  was  to  be  again  quickly  shut, 
and  at  the  same  moment  the  injection-cock  was  to  be  opened.  If  the  one 
did  not  follow  the  other,  there  resulted  a great  loss  of  vapour,  or  of  effect ; 
and  this  difficulty  was  further  increased  by  the  irregular  production  of  the 
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steam  itself,  from  the  varying  intensity  of  the  heat  of  the  furnace.  After 
the  injection  had  condensed  the  steam,  and  the  piston  was  at  liberty  to 
descend,  if  the  communication  between  the  boiler  and  the  cylinder  was  not 
opened  at  the  precise  instant  when  it  had  reached  the  limit  of  its  down- 
ward movement,  the  immense  weight  on  the  piston,  falling  into  the  vacuum 
with  a great  velocity,  would  shake  the  apparatus  to  pieces.  All  this  preci- 
sion was  required  too  from  a mercenary  attendant  fourteen  times  every 
minute,  at  the  hazard  of  the  total  destruction  of  the  apparatus.’’  It  is  ob- 
vious, then,  that  the  further  introduction  of  the  engine  depended  on  some 
method  being  discovered  of  making  its  movements  self-acting.  According 
to  Desaguliers  the  honour  of  the  invention  of  the  self-acting  movements  is 
due  to  an  idle  boy  of  the  name  of  Humphrey  Potter,  an  attendant  on  the 
engine.  The  following  is  the  statement  ; “It  was  usual  to  work  with  a 
buoy  in  the  cylinder,  enclosed  in  a pipe,  which  buoy  rose  when  the  steam 
was  strong,  and  opened  the  injection-pipe,  and  made  a stroke,  whereby 
they  were  only  able,  from  this  imperfect  mechanism,  to  make  six  or  eight 
strokes  in  a minute,  till  a boy  named  H umphrey  Potter,  who  attended  the 
engine,  added  what  is  called  a scoggan,  a catch  that  the  beam  or  lever 
always  opened;  and  then  it  would  go  fifteen  or  sixteen  strokes  in  a 
minute.’"  In  the  year  1718  an  engine  was  erected  with  self-acting  move- 
ments, termed  “ hand-gear,”  the  invention  of  Mr.  Henry  Beighton,  an 
engineer  of  Newcastle,  and  which  consisted  of  a series  of  tappets  operated 
on  by  the  beam,  and  by  which  the  various  cocks  were  opened  and  shut  as 
required.  The  following  is  a description  of  the  means  employed  for  this 
purpose  : — the  entrance  to  the  steam-pipe  was  covered  with  a sliding-valve 
placed  inside  the  boiler ; this  valve  was  worked  by  a lever  attached  to  the 
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spindle  of  the  valve  which  projected  through  the  top  of  the  boiler,  as  in  fig. 
13,  where  a is  the  steam- pipe,  h the  sliding-valve,  the  spindle  of  which 
passes  through  c,  and  is  worked  by  the  bent  lever  d.  To  this  bent  lever 
a horizontal  one  e,  fig.  14,  is  connected  ; the  other  extremity  is  formed 
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into  a fork  ^t  f;  a spindle  joins  the  two  extremities  of  the  fork; 
and  two  stirrups,  as  at  g,  connected  each  side  of  the  fork  with  an 
axle  rotating  on  the  centre  h.  This  axle  was  made  to  move  by  the  pins 
in  the  beam  n n striking  the  ends  of  the  spanners  k m,  which  were  firmly 
fixed  in  the  axle  n.  On  the  axle,  at  a position  between  the  two  prongs,  a 
lever  called  a tumUing-bob  was  fixed,  having  a Y-end,  or  two  projecting 
arms  i i,  and  a weight  at  the  other.  The  injection-cock  was  opened  and 
shut  by  the  mechanism  shown  in  fig.  15.  Let  a a he  the  beam  correspond- 
ing to  n 7iy  in  fig.  14,  having  projecting-pins  which  strike  the  end  of  the 
lever  d,  terminated  with  a toothed  quadrant  taking  into  a second  quadrant, 
fixed  on  the  spindle  of  the  injection-cock.  The  following  is  the  operation 
of  the  apparatus : on  the  beam  n n falling,  a tappet,  or  projecting-pin, 
strikes  one  of  the  spanners  k ; this  turns  the  axle  vibrating  at  and  causes 


fig.  16. 
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the  tumbling-bob  to  fall  over  with  considerable  force,  one  of  the  arms  i 
striking  the  bar  which  joins  the  two  prongs  of  the  fork  e f;  this  pulls  for- 
ward the  lever  e towards  the  beam,  and  opens  the  steam-cock  b,  fig.  14. 
Simultaneously  with  the  striking  of  the  tappet  on  the  spanner  another 
tappet  strikes  the  end  of  the  lever  d,  fig.  13,  and  operating  on  the  quad- 
rants //7,  shuts  the  injection-cock  li.  The  piston  is  now  drawn  upwards 
by  the  counterpoise.  On  arriving  within  a short  distance  of  the  top  of 
the  cylinder,  a tappet  strikes  the  spanner  m,  fig.  14,  and  causes  the  tumb- 
ling-bob to  fall  over,  moving,  as  before,  the  lever  e from  the  beam ; one 
steam-valve  is  thus  shut,  and  by  means  of  the  tappets,  lever,  and  quad- 
rants, the  injection-cock  /?,  fig.  15,  is  opened.  By  means  of  these  con- 
trivances the  atmospheric  engine  w^as  rendered  self-acting.  Thus  improved, 
the  machine  remained  for  a considerable  period  in  statu  quo.  Minor  im- 
provements were  from  time  to  time  introduced ; but  it  was  reserved  for 
the  celebrated  engineer  John  Smeaton  to  bring  it  to  as  great  a state  of 
perfection  as  was  possibly  allowed  by  the  nature  of  its  principle.  In  fig. 


fig.  17. 


smeaton’s  engine. 
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16  we  give  a diagram  illustrative  of  the  general  arrangements  of  an  at- 
mospheric engine,  after  the  introduction  of  the  self-acting  movements  of 
Beighton,  and  anterior  to  the  improvements  of  Smeaton. 

In  1767  Smeaton  was  employed  to  construct  an  engine  for  the  New 
Biver  Company,  and  he  availed  himself  of  this  opportunity  to  introduce 

5 several  improvements. 

’ The  result  of  the  experiments  conducted  with  a trial  engine  Sm.eaton 
carefully  tabulated,  and  took  as  a guide  to  regulate  his  future  practice. 
The  engines  of  a large  class  which  he  afterwards  erected  fully  verified,  by 
their  performance  the  correctness  of  his  assumptions,  and  evidenced  the 
practical  care  with  which  he  had,  in  this  as  in  other  matters,  conducted 
his  experiments.  In  1772  he  was  employed  to  construct  an  engine  at 
Long  Benton  Colliery,  at  Newcastle,  and  in  this  he  introduced  the  several 
improvements  suggested  by  his  experiments,  similar  in  construction  to 
that  introduced  by  Beighton  ; it  was,  however,  distinguished  by  juster 
proportions  and  greater  nicety  of  detail  than  had  yet  been  realised ; and 
the  innovations  thus  introduced  were  found  to  be  highly  beneficial  in  prac- 
tice.” The  engine  erected  by  Smeaton,  and  known  as  the  “ Chacewater 
Engine,”  was  the  most  celebrated  of  his  performances.  This  is  illustrated 
in  fig.  17.  Although  there  is  nothing  in  connection  with  the  improve- 
ment of  the  atmospheric  engine  which  can  be  said  to  be  the  invention  of 
Smeaton,  still  the  high  praise  is  due  to  him  of  ^‘giving  the  most  perfect 
form  and  proportion  to  those  materials  supplied  by  his  predecessors  and 
contemporaries 

Such,  as  we  now  leave  it,  was  the  degree  of  perfection  to  which  the 
steam-engine  had  arrived.  The  principles  of  its  action  apparently  pre- 
cluded the  attainment  of  a higher  degree  of  practical  usefulness,  and  it 
remained  for  a brighter  genius  and  a more  original  mind  to  thoroughly 
grapple  with  and  to  understand  its  defects,  and,  by  opening  up  a new 
path  of  discovery,  to  place  the  steam-engine,  as  a social  power  of  rare 
value,  in  the  high  position  to  which  its  wonder-working  powers  have  fairly 
entitled  it. 
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CHAPTEK  II. 


THE  HISTORY  OF  THE  INTRODUCTION  OF  THE  MODERN 
STEAM-ENGINE. 


In  the  year  1736,  at  the  little  town  of  Greenock,  on  the  banks  of  the 
Clyde,  James  Watt  was  born.  Of  a slender  form,  sickly  a^)pearance, 
retiring  and  bashful  in  his  manners,  and  bearing  with  him  no  evidence  of 
an  intellectual  capacity  superior  to  his  fellow's,  this  youth,  unaided  by 
family,  wealth,  or  station,  or  even  by  the  adventitious  aids  of  an  early  liberal 
education,  was  destined,  during  a long  and  active  life,  to  be  the  means  of 
introducing  a power  which  aided  this  country  materially  during  a time  of 
difficulty  and  danger,  and  to  leave  behind  him  a name  world- wide  in  its 
reputation. 

When  about  sixteen  years  of  age,  he  became  acquainted  with  an 
obscure  mechanic  in  Glasgow,  who,  by  turns  a cutler  and  whitesmith, 
a repairer  of  fiddles,  and  a tuner  of  ^ spinnets,'  was  a useful  man  at  almost 
everything,’^  and  in  consequence  of  adding  to  this  list  of  accomplishments 
a knowledge  of  the  construction  of  mathematical  instruments  and  of 
^ spectacle-glasses,’  he  was  dignified  by  the  title  of  ‘ optician.’  ” To  this 
individual  Watt,  in  his  sixteenth  year,  was  apprenticed,  chiefiy,  as  is  pro- 
bable, from  the  fact  that  it  offered  an  easy  calling  suitable  for  his  delicate 
health,  than  from  any  inducement  it  held  out  as  that  by  which  he  could 
afterwards  make  a fair  livelihood.  After  a short  apprenticeship  of  less 
than  tw’o  years,  James  Watt  removed  to  London,  where  he  succeeded  in 
obtaining  employment  under  a regular  mathematical-instrument  maker. 
Here  he  obtained  that  knowdedge  of  business  habits  and  processes  which 
had  been  withheld  from  him  in  his  earlier  engagement.  His  stay  in 
London  w'as  very  limited,  and  probably  from  a severe  cold  which  he  caught 
w'hile  following  his  avocations,  and  tlie  efiects  of  wdiicli  he  felt  for  many 
years  afterwards,  he  returned  to  his  native  town  after  an  absence  of  little 
more  than  a year.  He  next  endeavoured  to  raise  a business  of  his  own, 
and  began  to  practise  both  in  Greenock  and  Glasgow.  In  the  latter  place 
he  met  with  an  obstacle  wdiich  threatened  to  put  a sudden  stop  to  his  pro- 
gress ; this  arose  from  the  fact  that  he  was  not  a ‘‘freeman,”  or  “burgess,” 
of  the  town.  One  spot,  how'ever,  existed,  within  the  boundaries  of  which 
all  such  absurd  laws  and  regulations  were  inoperative,  this  w'as  the  Col- 
lege of  Glasgow.”  By  the  kind  offices  of  some  of  the  dignitaries,  Watt 
was  appointed  mathematical-instrument  maker  to  the  university,  and  a 
room  w’as  allotted  him  within  its  ])recincts,  in  which  he  could  carry  on  his 
avocations  without  molestation.  Thus  was  the  apparently  untoward  cir- 
cumstance amply  compensated  for.  And  it  is  by  no  means  idle  to  conjee- 
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ture  what  would  have  been  the  results  on  the  future  progress  of  the  steam- 
engine  had  that  absurd  law  not  been  in  existence  which  drove  Watt  out 
of  what  might  be  looked  upon  as  the  open  path  of  commerce,  to  take  re- 
fuge in  the  place,  of  all  others,  the  best  fitted  for,  and  offering  the  most 
eligible  opportunities  of,  carrying  on  the  series  of  experiments  Avhich,  by  a 
fortuitous  chain  of  circumstances,  were  shortly  presented  to  his  notice, 
and  by  the  successful  prosecution  of  which  he  was  destined  to  make  him- 
self so  famous. 

In  the  year  1759,  while  in  this  situation.  Watt  had  his  attention 
directed  to  the  subject  of  the  steam-engine  by  Mr.  Kobinson,  afterwards 
Professor  of  Natural  Philosophy  in  the  University  of  Edinburgh,  and 
author  of  the  well-known  Avork  entit\Qdi- Elements  of  Mechanical  Philosophy. 
The  scheme  proposed  had  reference  to  the  moving  of  wheel-carriages  by 
the  aid  of  steam ; but  in  consequence  of  Mr.  Robinson  leaving  college,  it 
was  abandoned.  Two- years  afterwards,  however.  Watt  again  returned 
to  tlie  subject,  and  instituted  son^  experiments  Avith  a Papinas  digester ; 
and  formed  a sort  of  steam-engine  by  fixing  upon  it  a syringe  one-third 
of  an  inch  in  diameter,  and  furnished,’’  says  Mr.  Watt,  whose  own  account 
we  now  quote,  ‘‘  also  Avith  a cock  to  admit  the  steam  from  the  digester 
or  si  lilt  it  oflf,  at  pleasure,  as  Avell  as  to  open  a communication  from  the 
inside  of  the  syringe  to  the  open  air,  by  whicli  the  steam  contained  in 
the  syringe  might  escape,  \\dien  the  communication  betAveen  the  cylin- 
der and  digester  was  opened,  the  steam  entered  the  syringe ; and  by  its 
action  upon  the  piston,  raised  a considerable  weight  (15  lbs.),  Avith  Avhich 
it  Avas  loaded.  When  this  Avas  raised  as  high  as  Avas  tliought  proper,  the 
communication  with  the  digester  Avas  shut  off,  and  that  Avith  the  atmo- 
sphere opened  ; the  steam  then  made  its  escape,  and  the  Aveight  descended. 
The  operations  AA^ere  repeated ; and  though  in  this  experiment  the  cock 
was  turned  by  hand,  it  was  easy  to  see  hoAV  it  could  be  done  by  the 
machine  itself,  and  make  it  Avork  AAuth  perfect  regularity.  But  I soon 
relinquished  the  idea  of  constructing  an  engine  upon  this  principle,  from 
being  sensible  it  Avould  be  liable  to  some  of  the  objections  against  Savory’s 
engine,  namely,  from  the  danger  of  bursting  the  boiler,  and  the  difficulty 
of  making  the  joints  tight ; and  also  that  a great  part  of  the  power  of  the 
steam  Avould  be  lost,  because  no  vacuum  Avas  formed  to  assist  the  descent 
of  the  piston.” 

Two  years  after  relinquishing  his  experiment,  as  above  stated,  hi^ 
attention  AA^as  again  directed  to  the  subject,  by  a model  of  a steam-engine 
on  NeAvcomen’s  plan,  belonging  to  the  Natural  Philosophy  class,  Avhich 
AA^as  placed  in  his  hands  to  be  repaired  (1763-4).  At  first  directing  his 
attention  to  the  dry  matter-of-fact  details  of  the  task  intrusted  to  him,  his 
active  mind  at  length  recei\^ed  a new  impulse  from  the  result  of  one  or 
tAvo  trials  of  the  engine,  and  he  directed  the  full  energy  of  his  intellect  to 
master  the  principle  of  the  machine,  and  to  ascertain  the  cause  of  its 
defects  as  a prime-mover.  In  conducting  the  experiments,  tAvo  things 
attracted  his  attention  ; the  first  Avas  the  great  loss  of  steam  from  the  con- 
densation caused  by  the  cold  surface  of  the  cylinder ; secondly,  the  great 
quantity  of  heat  contained  in  a small  quantity  of  Avater  when  converted 
into  steam.  If  a quantity  of  Avater  is  heated  in  a close  boiler  some  degrees 
above  the  boiling-point,  and  the  steam  suffered  to  escape  suddenly,  the 
temperature  of  the  boiling-.water  remaining  in  the  boiler  aauII  be  reduced 
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to  the  ordinary  boiling-point.  The  steam,  however,  which  cscapesy 
although  carrying  off  all  the  excesses  of  heat,  would,  if  condensed,  form 
but  a small  quantity  of  w^ater.  The  saving  of  this  heat  was  therefore  a 
matter  of  the  highest  importance.  The  loss  of  steam  occasioned  by  the 
alternate  heating  and  cooling  of  the  cylinder  was  sufficient  to  fill  the 
cylinder  three  or  four  times,  and  to  ’svork  the  engine.  “ By  means  of  a 
glass  tube  inserted  into  the  spout  of  a tea-kettle,  he  allow^ed  the  steam  to 
flow  into  a glass  of  cold  water  until  it  was  boiling  hot.  The  water  w\as 
then  found  to  have  gained  nearly  a sixth  part  by  the  steam  which  had 
been  condensed  to  heat  it,  and  he  drew  the  conclusion  that  a measure  of 
Tvater  converted  into  steam  can  raise  about  six  measures  of  water  to  its 
owm  heat,  or  eighteen  hundred  measures  of  steam  can  heat  six  measures 
of  water.’'  ‘‘  Hence  he  saw  that  six  times  the  difference  of  temperature, 
or  fully  100  degrees  of  heat,  had  been  employed  in  giving  elasticity  to 
steam,  and  wdiich  must  all  be  subtracted  before  a complete  vacuum  could 
be  obtained  under  the  piston  of  a steam-engine."  Being  struck,’’  says^ 
Mr.  Watt,  with  this  remarkable  fact,  and  not  understanding  the  reason 
of  it,  I mentioned  it  to  my  friend  Dr.  Black,  who  then  explained  to  me- 
ins doctrine  of  latent  heat,  wdiich  he  had  taught  some  time  before  this 
period  (summer  of  1764)  ; but  having  been  occupied  with  the  pursuits  of 
business,  if  I had  heard  of  it  I had  not  attended  to  it,  when  I thus  stum- 
bled upon  one  of  the  material  facts  by  which  that  beautiful  theory  is  sup- 
ported." In  making  his  experiments,  Watt  found  that  the  boiler  of  the 
model,  although  of  size  sufficient  according  to  the  standard  then  in  use^ 
did  not  supply  steam  fast  enough  for  the  w^ants  of  the  engine,  which  had 
a cylinder  two  inches  diameter  and  six  inches  stroke.  A large  quantity  of 
injection- water  was  also  required  to  effect  a very  imperfect  vacuum.  These 
defects  he  attributed  to  the  fact  tliat  a small  cylinder  consumed  a greater 
quantity  of  steam  than  a larger  one,  in  consequence  of  the  condensation 
caused  by  the  increased  surface  in  proportion  to  its  capacity.  This  defect 
he  sought  to  remedy  by  substituting  a cylinder  made  of  materials  which 
Avould  conduct  heat  more  slowly  than  brass,  of  wffiich  the  model  cylinder 
w^as  made.  For  this  purpose  he  constructed  one  of  w^ood  soaked  in  lin- 
seed-oil,  and  baked  dry.  This,  however,  w^as  a failure,  for  in  addition  to- 
its  w'ant  of  durability,  an  essential  feature  in  practice,  it  w’as  found  to 
condense  the  steam  as  much  as  before.  The  principal  loss  sustained  w^as- 
evidently,  therefore,  by  the  alternate  heating  and  cooling  of  the  cylinder  ; 
and  the  conviction  w^as  forced  upon  him  that  the  grand  secret  lay  in  being 
able  to  effect  the  condensation  of  the  steam  without  cooling  the  cylinder. 
To  the  attainment  of  this,  Watt  directed  his  whole  energies,  and  in  the  year 
1765  the  felicitous  idea  struck  him,  ‘‘  that  if  a communication  were  opened 
betw’cen  a cylinder  containing  steam,  and  another  vessel  were  exhausted 
of  air  and  other  fluids,  the  steam,  as  an  expansible  fluid, w^ould  immediately 
rush  into  the  empty  vessel,  and  continue  to  do  so  until  it  had  established 
an  equilibrium ; and  if  that  vessel  w^ere  kept  very  cool  by  an  injection  or 
otherwise,  more  steam  would  continue  to  enter  until  the  whole  was  con- 
densed." This  brilliant  idea  w*as  soon  put  to  the  test  of  experiment  and 
found  correct ; and  thus  was  solved  the  great  problem  winch  had  for  so 
many  years  perplexed  and  baffled  his  predecessors.  It  is  said  that  as  soon 
as  this  happy  thought  had  been  realised,  all  the  train  of  details  necessary 
to  carry  it  into  efficient  practice  follow’cd  in  rapid  succession ; and  that 
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not  for  a moment  had  he  any  hesitation  in  conceiving  the  rapid  and  im- 
mediate perfecting  of  the  whole  machine.  In  carrying  out  the  idea  into 
practice,  the  first  difficulty  that  presented  itself  to  the  mind  of  Watt  was, 
doubtless,  a means  of  relieving  the  condenser  from  the  accumulated  water 
wdiich  would  result  from  the  successive  condensations  effected  in  it.  This 
might,  of  course,  have  been  drawn  away  by  the  simple  force  of  gravity, 
by  using  a pipe  thirty  feet  long,  as  in  Newcomen’s  engine.  This  plan, 
however,  could  not  be  effectual  for  removing  the  uncondensed  steam,  or 
the  air  that  might  find  its  way  into  the  condenser.  Some  other  plan  was 
therefore  desiderated.  Watt  proposed  and  adopted  a pump  which  would 
draw  off  the  contents  of  the  condenser,  this  pump  to  be  worked  by  the 
engine  itself.  This  constituted  another  step  towards  the  perfecting  of  the 
mechanism : others  rapidly  followed.  The  next  improvement  was  sur- 
rounding the  cylinder  with  a casing,  by  which  the  heat  would  be  retained. 
This  of  itself,  however,  would  not  effect  the  desired  end  : he  therefore, 
to  prevent  the  aefion  of  the  cold  atmosphere  on  the  upper  surface  of  the 
piston,  and  on  the  interior  surface  of  the  cylinder,  which  would 
necessarily  be  exposed  on  its  descent,  closed  the  top  of  the  cylinder  with 
a close-fitting  cover,  in  the  centre  of  w^hich  the  piston-rod  worked  through 
an  aperture  rendered  tight  by  what  is  termed  a stuffing-box.”  Tho 
necessity  of  adopting  the  next  expedient  suggested  to  him  was  thus  made 
obvious ; and  in  place  of  the  power  of  the  atmosphere  he  employed  the 
elasticity  of  the  steam  from  the  boiler  to  impel  the  piston  down  the  cylin- 
der” By  this  arrangement  the  method  previously  adopted  to  keep  the 
piston  tight,  by  water  on  its  upper  surface,  was  done  away  with  ; and 
instead,Watt  adopted  a hemp-packed  piston  lubricated  with  tallow.  Thus, 
by  successive  improvements,  the  atmospheric  engine  was  changed  into  a. 
‘‘  steam-engine.^^ 

Before  illustrating  the  improvements  introduced  by  Watt,  we  propose  te 
trace  further  the  points  connected  with  their  history.  Although  the  claim 
of  Watt  to  the  originality  of  the  idea  of  separate  condensation  is  now 
generally,  if  not  universally,  acknowledged,  still  it  is  but  right  to  notice 
that  of  another  party  to  this  high  honour.  A claim  is  put  forward  by 
Mr.  Hornblower,  a rival  and  contemporary  of  Watt,  in  Gregory’s  Mechanics 
(vol.  ii.  first  edition,  p.  362). 

Having  satisfied  himself  as  to  the  correctness  of  his  principle,  Watt 
proceeded  to  test  it  still  further  by  the  aid  of  a model  on  a large  scale. 
The  cylinder  of  this  model  was  9 inches  diameter,  and  the  piston-rod  was 
attached  to  a balanced  beam.  An  accident,  however,  occurred,  which,, 
along  with  his  want  of  means,  as  well  as  of  time  to  prosecute  his  experi- 
ments, brought  his  labours  to  a close.  Having  taken  up  the  practice  of  a 
land-surveyor  and  engineer,  and  his  time  being  pretty  fully  occupied,  the 
invention  lay  dormant  on  his  hands  for  three  or  four  years.  His  silence 
on  the  matter  doubtless  proceeded  from  a variety  of  causes,  the  principal 
of  which  was,  likely,  the  fact,  that  as  a fair  trial  could  only  be  given  io  his 
engine  on  a large  scale,  the  risk  of  bringing  it  out  would  be  too  great,  the 
apparatus  required  being  exceedingly  costly.  From  AVatt’s  practice  as  an 
engineer,  he  became  acquainted,  however,  with  the  celebrated  Dr.  Eoe- 
buck,  an  enterprising  English  gentleman  resident  in  Scotland.  An  able 
practical  chemist,  he  had  succeeded  in  discovering  a method  of  making 
sulphuric  acid  at  a comparatively  low  cost ; and  being  possessed  of  business 
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habits  and  qualities  of  the  first  order,  he  succeeded  in  establishing  at 
Prestonpans,  near  Edinburgh,  a manufactory,  in  which  the  process  was 
carried  out  on  a large  scale.  The  profits  accruing  from  this  establishment 
were  such  that  he  gave  up  the  practice  of  his  profession,  and  confined  his 
attention  to  carrying  out  commercial  projects  on  a large  scale.  He  founded 
the  celebrated  iron- works  at  Carron,  which,  as  a project,  were  highly  suc- 
cessful. Urged  by  his  success  in  this  undertaking,  he  leased  the  estate  of 
Kinneil,  a few  miles  from  Carron,  and  which  contained  extensive  beds  of 
coal.  While  carrying  on  his  operations  there  with  the  same  energy  which 
characterised  his  other  proceedings,  he  became  acquainted  with  Watt,  who, 
no  doubt,  struck  by  his  ability  and  business  habits,  looked  upon  him  as  one 
in  every  respect  calculated  to  aid  the  undertaking  of  bringing  the  steam- 
engine  into  practice,  and  accordingly  confided  to  him  the  secret  of  his  dis- 
covery. Dr.  Koebuck  consented  to  bear  the  expense  of  conducting  trials 
on  a large  scale  ; and  W att  forthwith  proceeded  to  construct  a large  engine 
under  his  inspection.  Eor  a period  of  eight  months,  alterations  and  im- 
provements succeeded  each  other,  until  at  last  the  engine  was  brought  to  a 
state  of  comparative  perfection — so  far,  at  least,  as  could  be  attained,  from 
the  imperfect  style  of  workmanship  then  available.  The  engine  was  tried 
at  a coal-mine  on  Dr.  Roebuck’s  estate  ; and  such  was  the  satisfactory 
nature  of  its  operations,  both  as  regarded  the  great  saving  of  fuel  and  the 
water  used  for  condensation,  that  Dr.  Roebuck  was  satisfied  as  to  its  powers 
and  capabilities,  and  closed  with  AVatt,  supplying  the  necessary  funds  to 
take  out  a patent,  and  to  establish  a manufactory  for  the  production  of  the 
engines ; the  terms  of  partnership  being,  that  the  money  for  the  above  pur- 
poses was  to  be  found  by  Roebuck,  he  obtaining  two-thirds  of  the  profits. 
On  these  terms  Watt  proceeded  with  his  patent,  which  was  taken  out  in 
1769,  after  which  he  proceeded  to  perfect  the  details  of  his  engine.  From 
the  bad  workmanship  which  he  had  to  contend  with,  his  difficulties  were  of 
a serious  kind;  that  which  harassed  him  most  being  the  difficulty  of  keeping 
the  piston  tight  without  incurring  a heavy  loss  by  friction.  But  another 
obstacle  was  about  to  be  thrown  in  the  path  of  progress,  and  which  at  one 
time  bade  fair  to  utterly  ruin  Wattes  prospects  of  receiving  a pecuniary 
reward  for  his  great  labours : this  was  the  bankruptcy  of  Dr.  Roebuck. 
The  coal-fields  of  Kinneil,  instead  of  throwing  a golden  shower  of  profits 
into  his  lap,  were  the  means  of  bringing  him  to  ruin.  But  this  apparently 
untoward  circumstance  was  the  means  of  ultimately  placing  Watt  in  the 
eminent  position  which  he  afterwards  occupied  ; so  true,  as  we  often  find 
it,  is  the  saying,  that  man’s  extremity  is  God’s  opportunity.” 

The  party  with  whom  Roebuck  negotiated  for  a transfer  of  his  rights  in 
the  patent  of  Watt,  was  the  celebrated  Matthew  Bolton,  of  Soho,  near 
Birmingham  ; a man  whose  name  will  always  be  handed  down  to  posterity 
in  conjunction  with  his  more  celebrated  compeer.  The  transfer  was 
effected,  and  a partnership  formed  between  Bolton  and  Watt.  In  charac- 
ter the  very  o])posite  in  many  respects  of  Watt,  Bolton  was  possessed  of 
rare  business  talents,  an  extensive  acquaintance  with  business  forms,  and 
having  that  indomitable  spirit  of  perseverance  which  insures  success  ” in 
an  eminent  degree ; these,  united  with  a degree  of  courage  in  prosecuting 
his  engagements  in  the  face  of  difficulties,  rendered  him  a fitting  coadjutor 
for  the  retiring  and  unambitious  Watt. 

At  the  period  of  the  transfer  of  Roebuck’s  rights  in  the  patent  to 
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Bolton,  Watt  was  engaged  in  surveying  in  the  north  of  Scotland.  Shortly 
after  the  death  of  his  wife  happening,  he  was  induced  to  accept  of  the  invi- 
tation of  his  partner,  and  to  take  up  his  abode  at  Soho. 

Watt  was  now  in  a position  to  prosecute  his  labours  with  vigour,  and 
surrounded  by  those  mechanical  appliances,  without  which  the  attainment 
of  perfection  in  the  working  details  was  hopeless.  An  engine  was  accord  - 
ingly erected ; and  many  Cornish  adventurers,  on  invitation,  greatly 
interested  in  the  success  of  the  engine,  examined  its  operation.  In  their 
report  they  gave  a favourable  opinion  as  to  the  saving  of  fuel  effected  by 
it.  Some  years  of  the  term  for  which  the  patent  was  valid  had,  however, 
expired ; and  fearful  that  its  whole  period  would  pass  over  before  pecu- 
niary results  accrued,  so  as  to  afford  a profit,  or  to  reimburse  the  large  ex- 
penses which  had  been  gone  to  in  perfecting  the  engine.  Watt,  at  the  sug- 
gestion of  Bolton  and  his  other  friends,  applied  to  parliament  for  an  exten- 
sion of  his  patent.  This,  after  some  opposition,  was  granted  for  the  term 
of  twenty -five  years,  dating  from  the  time  of  the  grant,  namely,  1775.  This 
extension  was  no  doubt  deserved,  no  less  a sum  than  £50,000  having  been 
expended  in  the  manufacture  of  the  engines  by  the  firm  before  any  return 
'was  realised.  Having  thus  secured  for  a lengthened  period  the  profits 
which  might  accrue  from  the  sale  of  the  engines.  Watt  was  now  in  a 
position  to  introduce  his  machine  with  every  advantage  to  the  public.  In 
this  he  was  materially  assisted  by  the  admirable  commercial  arrangements 
of  Bolton,  who,  after  the  grant  of  extension,  became  a partner  with  Watt 
in  the  manufacture  of  the  machines  ; thus  sharing  the  profits  on  this  head, 
as  well  as  those  derived  from  a monopoly  of  the  principle.  Had  Watt,” 
says  Playfair,  searched  all  Europe,  he  could  not  ha\e  found  another  man 
so  calculated  to  introduce  the  invention  to  the  public  in  a manner  worthy 
of  its  importance.” 

The  most  public  and  open  inspection  of  the  engines  at  'work  was 
invited,  and  every  means  taken  to  afibrd  just  opportunities  of  ascertaining 
their  value.  A congress  of  mechanics  and  scientific  men  was  convened  at 
Soho,  and  an  elaborate  series  of  trials  made  and  comparisons  instituted 
between  its  working  capabilities  and  one  on  the  principles  of  Newcomen 
of  the  best  construction,  in  order  to  show  the  superior  working  capabilities 
of  the  new  engine ; these  were  manifest  to  all.  But  still  further  to  place 
the  merits  of  the  machine  on  a basis  which  would  satisfy  all  as  to  the  cha- 
racter of  its  claims,  the  patentees  issued  the  following : All  that  we  ask 

from  those  who  choose  to  have  our  engines,  is  the  value  of  one-third  part 
of  the  coals  which  are  saved  by  using  our  improved  machines,  instead  of 
the  old.  With  our  engine,  it  will  not,  in  fact,  cost  you  but  a trifle  more 
than  half  the  money  you  now  pay  to  do  the  same  'work,  even  with  one- 
third  part  included ; besides  an  immense  saving  of  room,  water,  and 
expense  of  repairs.  The  machine  itself  which  we  supply  is  rated  at  that 
price  which  'would  be  charged  by  any  neutral  manufacturer  of  a similar 
article.  And  to  save  all  misunderstanding,  to  engines  of  certain  sizes 
certain  prices  are  affixed.”  To  aid  in  the  introduction  of  the  new  machines, 
Bolton  and  Watt  took  old  atmospheric  engines  off  the  hands  of  those  who 
wished  to  lay  down  the  improved  form,  and  this  frequently  at  a rate  above 
their  value. 

Again,  in  estimating  the  power  of  their  engines,  or  calculating  the 
work  which  each  could  perform,  Bolton  and  Watt,  instead  of  placing  the 
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estimate  of  a horse’s  work  at  a low  figure,  and  thus  in  the  same  pro- 
portion increasing  the  power  of  their  engine,  they  actually  increased  the 
power  of  a horse’s  work  to  one-third.  Smeaton  had  valued  the  work  done 
by  a strong  horse  as  equal  to  lifting  a weight  of  22,000  pounds  one  foot 
high  in  a day ; Bolton  and  Watt  estimated  it  at  33,000.  But  more  than 
this,  they  stated  that  their  engines  were  calculated  so,  that  they  will 
raise  44,000  pounds  one  foot  high  with  a bushel  of  coals ; and  when  we 
say  our  engines  have  the  force  of  five,  ten,  or  more  horses,  we  mean  and 
guarantee  that  they  will  lift  44,000  pounds  for  each  horse-power.’’  On  these 
terms,  an  engine  which,  according  to  Smeaton’s  estimate,  was  equal  to 
twenty  horses,  was,  according  to  Bolton  and  Watt,  only  equal  to  ten  ; thus 
giving  the  purchasers  of  the  new  engine  an  advantage  of  100  per  cent,  in 
value  for  no  increase  of  cost. 

Thus  placed  before  the  public  on  terms  so  highly  liberal,  the  invention 
made  rapid  progress  in  public  favour  ; and  some  idea  of  the  profits  accru- 
ing may  be  derived  from  the  fact,  that  at  Ohacewater  mine,  Cornwall,  the 
saving  of  fuel  effected  was  equal  to  £6,000  annually ; £2,000  of  revenue 
from  this  one  source  being  drawn  by  the  firm. 

The  manufacture  of  the  engines  increased  with  such  rapidity,  that  the 
original  establishment  at  Soho  was  found  too  limited  in  its  dimensions  for 
the  great  quantity  of  work  now  found  to  fiow  into  the  factory.  Another 
was  therefore  constructed  in  the  neighbourhood,  in  which  the  operations 
could  be  carried  on  with  that  degree  of  concentration  so  essential  to  the 
turning  out  of  work  rapidly  and  efficiently. 

Having  thus  brought  up  our  historical  notes  in  connection  with  Watt’s 
engines  to  the  contemplated  point,  we  are  prepared  to  proceed  to  the  illus- 
tration of  the  successive  steps  of  his  invention,  and  of  those  beautiful  con- 
trivances which  emanated  from  his  mind. 

The  diagram  in  fig.  18  will  illustrate  the  arrangements  of  parts  of  the 
early  engines  introduced  by  Watt  for  pumping  the  water  from  mines.  Let 
a be  the  cylinder,  in  which  the  piston  b works  a rod  passing  through  a 
steam-tight  stuffing  box  c ; the  cylinder  is  surrounded  by  an  external  casing 
d d,  into  the  space  formed  by  which  the  steam  enters  from  the  boiler 
thrpugh  the  pipe  e.  By  opening  the  valve  e,  the  steam  is  introduced  to 
the  pipe  beneath  the  cylinder,  and  introduced  into  its  interior  through  the 
aperture  /.  By  opening  the  valve  g,  the  steam  is  allowed  to  pass  down 
to  the  interior  of  the  condenser  h.  Tn  this  diagram  the  piston-rod  is  sup- 
posed to  be  attached  to  the  end  of  the  great  beam  which  works  the  mine- 
pump,  and  the  valves  to  be  worked  by  mechanism,  which  we  shall  figure 
afterwards. 

Before  starting  the  engine,  the  air  was  extracted  from  the  various 
parts.  This  was  effected  by  opening  the  valves,  and  allowing  the  steam 
to  flow  into  all  the  vessels  and  pipes ; the  air  is  thus  forced  down  the 
pipe  to  the  condenser  A,  and  through  the  valve  wliich  connects  this  with 
the  air-pump  j.  The  valve  e is  then  shut,  thus  preventing  more  steam 
from  entering  the  cylinder  a through  the  aperture  f ; at  the  same  time 
tlie  steam  in  the  condenser  h is  condensed  by  the  cold  water  which  sur- 
rounds it,  and  supplied  to  the  cistern  m m,  in  which  it  stands,  by  the 
spout  91,  supplied  by  a common  force-pump  worked  by  the  great  beam. 
The  vacuum  being  thus  formed  beneath  the  piston  6,  the  pressure  of  the 
steam  which  has  free  access  to  the  upper  side  of  the  piston,  forces  it 
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downwards  to  the  bottom  of  the  cylinder.  By  the  action  of  the  beam 
the  air-pump  piston  is  pulled  upwards,  and  the  water  withdrawn  from  the 
condenser  h.  By  the  valve  mechanism,  the  valve  g is  shut,  and  the  valve 
e opened  ; steam  is  thus  introduced  beneath  the  piston,  and  an  equilibrium 
being  established  between  both  sides,  the  counterpoise  at  the  end  of  the 
great  beam  draws  up  the  piston  to  the  top  of  the  cylinder ; the  air-pump 
is  thus  depressed,  and  the  portion  of  condensed  water  lying  in  the  lower 
part  of  the  barrel  passes  through  the  clack  or  valve  in  the  piston ; the 
mechanism  of  the  valve  then  shuts  the  valve  e,  and  opens  g ; this  taking 
place  on  the  piston  a reaching  the  top  of  the  cylinder,  the  steam  below 
the  piston  rushes  through  the  valve  g to  the  condenser,  and  a vacuum 
being  formed  as  before,  the  piston  is  forced  by  the  pressure  of  the  steam 
on  its  upper  side  towards  the  bottom  of  the  cylinder.  To  open  and  shut 
the  valves  e and  g,  simple  mechanism,  as  follows,  was  used. 

Let  a,  fig.  19,  be  the  spindle  of  the  valve  which  admits  steam  to  the 
cylinder,  and  h that  of  the  valve  to  the  condenser  ; these  are  connected  by 
♦a  joint  to  levers  moving  on  the  centres  cc;  hli  is  the  plug-frame,  having 
studs  or  projecting  pins  o n ; these  strike  the  handles  or  levers  which  are 
fixed  on  the  rod  ii,  and  to  which  the  levers  r p are  fixed,  actuating  the 
levers  and  lifting  or  depressing  the  valves  a b;  s is  the  counter- 
balance weight  which  acts  as  the  tumbling-bob  in  Leighton’s  valve 
gearing  already  noticed.  The  condenser,  in  its  original  form  as  in- 
troduced by  Watt,  consisted  of  a series  of  thin  copper  pipes  commu- 
nicating with  each  other,  and  placed  in  a cistern  filled  with  cold  water : 
in  some  instances  flat  copper  pipes  were  used ; the  object,  in  both 
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cases^  being  to  present  as  great  a surface  as  possible  to  the  action  of 
the  cold  water,  and  to  elfect  a rapid  condensation.  Notwithstanding 

many  drawbacks  attendant  upon 
this  plan,  it  was  considered  an  eco- 
nomical one,  inasmuch  as  a compa- 
ratively small  power  was  required  to 
work  the  pump  for  withdrawing  the 
air  and  condensed  water.  To  ensure 
a quick  condensation  by  this  method, 
it  was  indispensable  to  have  a large 
amount  of  surface  exposed  to  the  cold 
water  ; this  necessitated  condensers 
of  such  size,  that  Watt  was  at  last 
obliged  to  return  to  a plan  which  he 
had  adopted  while  in  Scotland  during 
his  trials  under  Roebuck,  namely,  to 
condense  the  steam  by  a jet  of  cold 
water  injected  into  the  condenser. 
The  clumsy  outer  casing  was,  after 
repeated  trials,  found  to  be  possessed 
of  inconveniences;  Watt  therefore 
discarded  it,  and  adopted  a plan  of 
intercasing  composed  of  thin  sheet-iron,  the  space  being  only  one  inch  and  a 
half  between  it  and  the  cylinder  ; this  space  was  supplied  with  steam  by  a 
pipe  leading  from  the  main  steam-pipe.  This 
arrangement  involved  a radical  change  in  the 
method  of  distributing  the  steam  to  the  cylinder. 
The  details  of  the  new  construction  may  be  ga- 
thered from  the  diagram  in  fig.  20. 

Let  a a he  the  cylinder,  b h the  outer  casing, 
G the  piston,  d the  piston-rod,  e the  steam-pipe 
leading  from  the  boiler,/  the  steam-valve,^'  g the 
equilibrium-valve,”  and  h the  eduction-valve  ” 
in  the  pipe  leading  the  steam  to  the  equilibrium- 
valve.  Supposing  the  piston  to  be  at  the  top  of 
the  cylinder,  the  equilibrium-valve  is  closed,  and 
the  steam-valve  / and  eduction- valve  h opened ; 
the  steam  from  below  the  piston  rushes  through  li 
to  the  condenser,  and  a vacuum  is  formed ; the 
steam  pressing  on  the  upper  side  of  the  piston,  it 
is  forced  downwards.  On  reaching  the  bottom, 
the  steam-valve  f and  eduction- valve  h are  closed, 
and  the  equilibrium- valve  g opened ; this  allows 
the  steam  to  sfain  access  to  the  under  side  of  the 
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piston,  as  well  as  to  its  upper  side  ; an  equilibrium  of  pressure  is  there- 
fore formed,  and  the  counterpoise  pulls  the  piston  to  the  top,  the  steam 
above  it  fiowing  through  the  equilibrium-valve.  In  this  form  of  engine 
there  is  alternately  steam  and  a vacuum  on  the  under  side  of  the  piston,  the 
steam  being  always  above  the  piston. 

We  now  come  to  notice  an  important  improvement  in  the  working  of 
steam-engines,  which  the  fertile  genius  of  Watt  added  to  the  list  of  his 
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brilliant  inventions : this  was  w’orking  the  steam  expansively.  The  patent 
for  the  expansive  steam-engine  was  taken  out  in  1782,  but  the  attention 
of  Watt  had  been  directed  to  the  principle  many  years  before  ; in  1769  he 
wrote  to  Dr.  Small,  as  to  a method  of  still  doubling  the  effect  of  steam, 
and  that  tolerably  easy.^'  Many  matters,  however,  diverted  his  attention 
from  this  important  point ; and  it  was  not  until  the  above  date  that  he 
took  steps  to  introduce  an  engine  in  which  the  principle  was  carried  out. 
To  understand  its  rationale  is  so  important  to  the  student  of  the  steam- 
engine,  that  we  propose  to  enter  into  its  consideration  at  some 
length. 

Where  steam  is  admitted  to  press  on  the  top  of  a cylinder,  during  the 
whole  of  its  descent,  the  piston  will  move  downwards  with  an  accelerating 
velocity,  which,  if  not  checked,  will  materially  damage  the  mechanism.  An 
able  authority  supposes  that  the  value  of  the  expansive  principle  was  made 
known  through  the  result  of  some  trials  made  to  moderate  the  velocity  of 
the  piston,  and  lessen  the  shock  as  the  piston  reached  the  bottom  of 
the  cylinder.  In  Newcomeffs  engine  he  supposes  this  to  have  been  ef- 
fected by  shutting  the  injection-cock  earlier  ; and  in  Watt’s  condensing- 
engine,  by  shutting  the  steam- valve  at  such  a period  of  the  stroke  as 
would  prevent  the  catch-pins  from  striking.”  To  shut  the  steam-commu- 
nication from  tJie  boiler,  at  a certain  part  of  the  stroke  of  the  piston,  to 
allow  the  steam  to  expand  as  the  piston  descends,  constitutes  the  principle 
of  working  expansively.”  By  the  action  of  the  well-known  law  of 
pneumatics  the  pressure  of  the  steam  on  the  piston  decreases  as  the 
space  increases  into  which  the  steam  has  liberty  to  expand  itself ; thus 
if  the  steam  is  cut  off  at  one-fourth  of  its  stroke,  the  pressure  will, 
at  the  end  of  the  stroke,  exert  only  a force  of  one-fourth  of  its  original 
pressure.  By  thus  decreasing  the  power,  a simple  method  of  equalising 
the  tendency  to  an  accelerated  motion  was  attainable.  In  addition, 
however,  to  this  advantage,  a still  greater  one  resulted  from  the 
adoption  of  the  principle,  in  the  economisation  of  steam,  and  the  conse- 
quent saving  of  fuel.  If  steam  of  the  temperature  of  212°  flows  into 
a cylinder  six  feet  long,  until  the  piston  has  moved  eighteen  inches 
downwards,  when  this  quantity  has  expanded  into  double  its  former 
volume,  and  in  doing  so  has  pressed  the  piston  to  the  middle  of  the  cylinder, 
it  will  exert  a pressure  of  not  more  than  7 pounds  on  each  square-inch  area 
of  the  piston.  When  the  piston  has  been  depressed  another  eighteen 
inches,  the  vapour  will  have  expanded  into  three  times  its  original  bulk, 
and  will  then  urge  the  piston  downwards  with  a force  of  not  more  than 
4^  pounds  on  each  square  inch ; and  when  it  has  reached  the  bottom 
of  the  cylinder,  and  expanded  into  four  times  its  original  bulk,  it  will  not 
exert  a greater  energy  than  about  3f  pounds  on  each  square  inch.  If  now 
we  calculate  the  varying  power  of  the  steam  from  the  commencement  to 
the  termination  of  its  stroke,  beginning  with  a force  of  14  pounds,  and 
ending  with  3§  pounds,  it  will  have  exerted  an  average  pressure  of  nearly 

pounds  on  each  square  inch  of  the  piston.  But  if  the  vapour  had  been 
permitted  to  flow  freely  into  the  cylinder  as  fast  as  the  piston  descended, 
it  would  have  pressed  it  with  a force  of  14  pounds  during  the  entire  stroke 
of  the  piston.  We  thus  see  that  one  foot  and  a half  of  steam,  acting  ex- 
pansively, has  pressed  8^  pounds  through  six  feet ; while  six  feet  of  steam, 
operating  with  its  energy  uniform  and  unimpaired,  has  only  carried  14 
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pounds  through  six  feet ; thus  showing  that  more  than  one-half  of  the 
whole  steam  has  been  saved  by  making  it  act  expansively. 

Although  the  saving  of  steam  is  very  considerable  by  making  it  w^ork 
expansively,  the  power  of  the  engine  is  reduced ; thus,  where  the  steam  is 
cut  off  at  one- fourth  of  the  stroke,  while  the  efficacy  of  the  steam  is  in- 
creased four  times — that  is,  one-fourth  the  quantity  of  steam  will  complete 
the  stroke, — the  powder  is  diminished  nearly  one-half.  In  engines  worked 
expansively,  therefore,  the  size  of  cylinder  must  be  increased  in  proportion 
to  the  extent  to  which  the  expansive  principle  is  carried.  But  although 
the  engine  is  made  larger  to  do  the  same  quantity  of  work,  this  work  will 
be  done  with  a less  consumption  of  fuel : this  is  obvious  from  the  con- 
sideration, that  at  whatever  point  the  steam  is  cut  off,  so  much  steam  is 
saved ; and  that  the  steam,  although  it  exerts  a gtadually  decreasing  force 
on  the  piston,  still  exerts  a power  of  some  extent,  wffiich  power,  whatever 
may  be  its  amount,  is  gained  without  any  expenditure  of  steam.  To  carry 
out  the  system  of  expansive  working  most  conveniently,  it  is  best  to  use 
steam  of  a pressure  considerably  higher  than  that  of  the  atmosphere : un- 
less this  pressure  is  considerable,  expansion  cannot  be  carried  out  to  any 
great  extent  with  advantage  ; for  if  steam  of  a low  pressure  were  used,  the 
ultimate  tension  would  bo  reduced  to  a point  so  nearly  approaching  that 
of  the  vapour  in  the  condenser,  that  the  difference  would  not  suffice  to 
overcome  the  friction  of  the  piston,  and  a loss  of  power  would  be  occasioned 
by  carrying  expansion  to  such  an  extent.  It  is  clear  that  in  the  case  of 
engines  which  carry  expansion  very  far,  a very  perfect  vacuum  in  the  con- 
denser is  more  important  than  it  is  in  other  cases.''  The  advantage  of  ap- 
plying steam  expansively  will  be  seen  by  an  inspection  of  the  following 
table : if  the  steam  is  cut  off  at  one-half  of  its  stroke,  the  performance  of 
the  engine  wall  be  multiplied  1*7  times ; at 
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Watt  effected  the  cutting  off  of  the  steam  at  any  desired  point  by 
merely  altering  the  position  of  the  tappets  or  projecting  pins  in  the  plug- 
frame,  by  which  the  valves  were  actuated  upon  at  the  proper  time.  As 
the  motion  of  the  piston  was  necessarily  variable  when  the  expansion 
principle  w^as  adopted,  Watt  contrived  several  ingenious  mechanical  com- 
binations, by  which  the  effect  of  the  engine  on  the  w^ork  it  had  to  perform 
w^as  uniform : he,  how^ever,  did  not  apply  these  to  any  great  extent,  as  he 
employed  steam  a little  greater  in  pressure  than  that  of  the  atmosphere, 
cutting  off  only  at  one-third  or  one-fourth,  according  as  circumstances 
dictated. 

TJie  reader  desirous  of  becoming  acquainted  wath  these  further  evi- 
dences of  Watt's  inventive  talent,  w411  lind  several  plans  figured,  by  which 
this  uniformity  was  obtained,  in  Stuart's  Descriptive  and  Historical 
Anecdotes  of  Steam-Engines,  We  proceed  to  the  consideration  of  more 
interesting  and  important  matters  in  connection  with  the  inventions  of  Watt. 

Under  the  new  arrangements  it  was  a matter  of  importance  to  ascertain 
the  state  of  the  vacuum  in  the  condenser  and  cylinder ; for  on  the  per- 
fection of  this  obviously  depended  the  efficiency  of  tlie  engine.  In  order 
to  ascertain  this,  Watt  applied  a mercurial  Ijarometer,  connected  with 
the  inside  of  the  pipe  leading  to  the  condenser ; and  another  barometer 
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was  placed  in  connection  with  the  boiler.  The  rise  and  fall  of  the 
mercury  in  the  barometer  attached  to  the  condenser  indicated  the  degree 
of  exhaustion  which  had  been  made  in  it ; and  by  the  same  operation  in 
the  barometer  attached  to  the  boiler,  he  had  a measure  of  the  pressure  of 
steam  acting  in  tiie  piston  : from  the  data  thus  obtained,  he  Avas  able  to 
calculate  with  considerable  precision  the  amount  of  power  given  out  by 
the  engine.  He  afterwards,  for  this  purpose,  introduced  a highly-ingenious 
invention  which  he  termed  the  indicator ; a diagram  of  which  we  now 
append,  in  order  to  show  the  nature  of  its  operation.  A small  cylinder  hj 
fig.  21,  truly  bored,  is  fixed  on  the  cylinder-cover,  having  con- 
nection w’ith  its  interior  : a small  piston  c works  in  the  cylinder 
h,  the  spindle  or  rod  is  continued  upwards,  its  head  terminated  by 
a pointer,  which  is  placed  along  a scale  d ; round  the  low^er  part 
of  the  spindle  of  the  piston  a spiral  spring  is  coiled,  one  end  of 
which  is  fixed  to  the  piston,  the  other  to  a small  bracket.  The 
upper  side  of  the  piston  is  open  to  the  air,  the  lower  is  open  to 
the  cylinder.  The  zero  point  of  the  scale  is  so  adjusted,  that  the 
pointer  will  point  to  it  wdien  the  cylinder  is  filled  with  air ; and 
the  pressure  on  both  sides  of  the  piston  of  the  indicator  is  equal. 

On  a vacuum  being  made  in  the  steam-cylinder,  the  piston  of  the 
indicator  is  forced  downwards  ; and  the  spring  being  thus  put  in 
a state  of  tension,  the  pointer  will  indicate  the  different  points  in 
the  scale,  corresponding  to  the  degree  of  vacuum  in  the  cylinder. 

When  the  cylinder  becomes  filled  with  steam,  the  piston  of  the  indi- 
cator rises,  and  it  falls  again  on  the  vacuum  being  made.  Thus 
the  power  of  the  engine  at  any  period  of  its  stroke  is  faithfully 
transferred  to  the  piston  of  the  indicator,  and  by  this  means  the 
power  of  the  engine  is  estimated.  In  a future  chapter  we  shall 
describe  the  modern  indicator,  and  the  means  by  which  it  is  made  to 
record  on  paper  the  working  capabilities  of  the  engine  to  which  it  is 
attached. 

We  give  a diagram  in  fig,  22,  illustrative  of  the  arrangements  of 
Watt’s  single-acting  pumping-engine,  as  adopted  at  this  period.  At  the 
present  time  the  principle  of  this  engine  is  still  the  same  : the  modifications 
in  the  details,  arising  from  greater  perfection  in  Avorkmanship,  although 
tending  to  give  an  appearance  of  greater  elegance  to  its  form,  have  not 
been  extended  to  its  principle  of  action.  To  such  a high  state  of  per- 
fection did  V/att  bring  it,  that  an  eminent  authority  states  that  a pumping- 
engine  made  after  Watt’s  primitive  type,  would,  with  an  equally  efiectual 
boiler,  and  an  equal  means  of  clothing  and  expansion,  do  about  the 
same  amount  of  duty  as  the  best  of  the  modern  construction.”  We 
have  already  detailed  the  method  of  action  of  this  engine,  so  that  we  deem 
a further  explanation  unnecessary  ; a literal  reference  to  its  parts,  and  a few 
words  as  to  the  method  of  working  the  engine,”  may,  however,  be  useful. 
The  cylinder  is  indicated  by  the  letters  a a^h  the  piston,  d the  piston-rod, 
attached  to  the  end  of  the  working  beam  e e hy  n chain  passing  round 
the  quadrant  (see  p.  84,  fig.  164,  treatise  on  Mechanics  and  Mecliardsm^  in 
this  series,  companion  volume  to  the  present)  ; ff  the  plug-frame  for  work- 
ing the  valves  by  the  tappets  and  levers  as  shown  ; g the  equilibrium-pipe; 
li  the  condenser  ; i the  air-pump  ; j the  cold-water  cistern  ; h the  hot  water 
cistern.  In  commencing  to  work  the  engine,  the  first  oneration  is  expelling 
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the  air  from  tlie  interior  of  the  cylinder  a a : this  is  effected  by  relieving 
the  catches  of  the  steam,  equilibrium,  and  eduction  valves  ; these  being 
actuated  by  'weights  attached  to  them,  are  opened,  and  steam  is  thus 
admitted  to  all  tlie  internal  parts,  as  cylinder  and  equilibrium-pipe.^  The 
first  effect  of  this  is  to  condense  the  steam  by  coming  in  contact  with  the 
cold  surfaces  of  the  engine;  after  the  cylinder  a a becomes  hot,  the  steam 
finally  issues  through  the  ‘‘  snifting  valve  ” placed  at  the  foot  either  of  the 
condenser  or  of  the  air-pump.  The  valves  are  then  to  be  shut,  and  a 
vacuum  is  thus  formed  in  the  engine.  The  first  stroke  of  the  engine  is  then 
made  by  opening  the  steam  and  eduction  valves,  and  opening  the  injection- 
cock,  so  as  to  admit  a jet  of  water  to  the  condenser  : the  piston  is  then 
forced  down  into  the  vacuum  by  the  steam  above  the  piston.  The  plug- 
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tree  f f (fig.  22),  in  descending,  strikes  its  tappets  on  the  spanner  or  levers 
of  the  eduction  and  steam  valves,  shutting  these,  and  opening  tlie  equi- 
librium valve  ; the  steam  above  the  piston  rushes  through  this  to  the  under 
side  of  the  piston  ; and  an  equilibrium  being  thus  established  on  both  sides 
of  the  piston,  it  is  drawn  up  to  the  top  of  the  cylinder  by  the  action  of  the 
counterpoise  at  the  pump  end  of  the  beam. 

The  single-acting  engine  as  here  described,  although  admirably  adapted 
for  the  purposes  for  which  it  was  introduced,  namely,  withdrawing  water 
from  coal  and  other  mines,  was  obviously  unfitted  for  extension  to  other 
purposes  in  which  a continuous  rotatory  motion  was  desired.  By  a 
slight  modification  of  the  valves  of  his  engine,  Watt  was  enabled  to  over- 
come the  difficulty  ; and  in  the  ‘‘  double-acting  engine, for  which  we  are 
indebted  to  his  genius,  the  piston  is  both  raised  and  depressed  by  the 
action  of  the  steam,  a vacuum  being  alternately  made  above  and  below  the 
])iston.  In  1781  he  took  out  a patent  for  this  modification,  but  his  atten- 
tion had  been  drawn  to  it  many  years  before  ; in  fact,  while  prosecuting 
his  petition  for  a prolongation  of  his  original  patent  in  1774,  he  had 
exhibited  a drawing  of  the  plan  to  the  House  of  Commons.  In  this  draw- 
ing he  explained  how,  after  the  piston  had  been  pressed  by  the  steam  to 
the  bottom  of  the  cylinder,  by  shutting  off  the  connection  between  the 
upper  part  and  the  boiler,  and  opening  a communication  between  it  and  the 
under  side  of  the  cylinder,  the  steam  by  this  means  could  be  made  to  raise 
as  well  as  depress  the  piston  into  a vacuous  space,  which  might  he  made 
above  and  below  it  alternately.  For  the  introduction  of  this  form  of  engine, 
by  which  the  dead  weight  of  the  counterpoise  was  got  rid  of,  the 
efficacy  of  the  engine  as  a general  motive  power  vastly  increased,  and 
the  range  of  its  powers  so  much  extended,  we  are  probably  indebted  to  the 
ilvalry  which  existed  between  the  firm  of  Bolton  and  Watt  and  other 
engine-makers,  and  to  the  machinations  which  many  of  them  condescended 
to  employ  for  the  purpose  of  obtaining  a share  of  the  public  patronage. 
Holding  such  an  extensive  monopoly,  a monopoly  not  only  of  legal  power, 
but  also,  it  may  be  said,  of  mechanical  genius,  and  of  a vast  experience 
such  as  no  others  could  lay  claim  to,  it  need  not  be  wondered  at  that  the 
firm  encountered  a vast  amount  of  obloquy  and  reproach  from  various 
interested  sources,  and  that  angry  feelings  and  bitter  animosity  on  the 
part  of  their  rival  brethren  in  the  trade  existed  to  a large  extent. 

It  was  in  connection  with  the  double-acting  engine  above  referred 
to  that  Watt  introduced  those  beautiful  and  philosophical  inventions  which 
we  are  now  about  to  notice. 

In  the  application  of  the  steam-engine  to  the  production  of  a continuovs 
motion,  the  first  step  to  be  taken  was  to  change  the  reciprocating  motion 
of  the  piston-rod  into  a continuous  rotatory  one.  If  the  reader  will  turn 
to  pp.  47-49  Mechanics  and  Mechamsm,  in  this  series,  he  will  there  find  a 
description  of  a method  to  effect  this  purpose  by  means  of  what  is  called  a 
*^crank.’^  Although  the  works  of  philosophy  and  mechanics  published  at 
periods  long  anterior  to  the  time  of  Watt  and  his  contemporaries  contained 
illustrations  of  this  contrivance,  and  although,  moreover,  evidence  of  its  use 
could  be  seen  in  almost  ever  street  in  the  knifogrinder’s  wheel  (see  p.  48, 
fig  72,  Mechanics  and  Mechanism),  or  in  many  houses  in  the  country  in 
the  “ housewife’s  spinning-wheel/’  the  animated  rivalry  which  existed  be- 
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tween  several  mechanics  v/ho  claimed  the  honour  of  its  discovery,  as  an 
important  appliance  of  the  steam-engine,  is  very  remarkable ; the  great 
importance  which  was  thus  attached  to  its  exclusive  possession  may  be 
viewed,  therefore,  “ as  one  of  the  many  curious  illustrations  afforded,  in  the 
progress  of  this  machine,  of  the  great  value  of  even  an  apparently  trifling 
improvement.” 

In  the  year  1779  a Mr.  Matthew  Wasbrough,  of  Bristol,  patented  a 
contrivance  by  which  the  balanced  beam  of  the  atmospheric  engine  could 
produce  a rotatory  motion ; and  a Mr.  John  Pickard  took  out  a patent  in 
1780  for  producing  rotatory  motion,  by  substituting  the  crank. 

From  Mr.  Watt’s  own  statement  there  appears  every  reason  to  con- 
clude, that  the  idea  of  using  the  crank  had  been  borrowed  from  his  fac- 
tory at  Soho.  But  to  avoid  litigation  he  took  out,  in  1781,  a patent  for 
another  method,  namely  the  sun-and-planet  wheels.” 

The  mechanism  of  the  sun-and-planet”  wheels  above  alluded  to,  for 
the  purpose  of  obtaining  continuous  rotatory  motion  from  the  reciprocating 
movements  of  the  piston-rod,  the  reader  will  find  exiflained  in  pp.  70-77, 
fig.  142,  Mechanics  and  Mechanism, 

The  method  employed  in  the  single-acting  engine  for  connecting  the 
piston-rod  with  the  end  of  the  working  beam  was  obviously  (see  p.  84, 
fig.  164,  Mechanics  and  Mechanism)  incapable  of  being  applied  to  the  double- 
acting engine ; where  the  piston  was  pushed  up  by  the  pressure  of  the 
steam,  not  pulled  up  by  the  counterpoise,  as  in  the  single-acting  engine. 

The  mechanism  which  Watt  at  first  em- 
ployed, will  be  understood  from  an  inspec- 
tion of  the  diagram  in  fig.  23.  Let  a bo 
the  piston-rod,  furnislied  with  a rack  at  itis 
upper  end,  working  into  teeth  of  a segment 
fixed  on  the  rod  of  the  working  beam  ; as 
the  piston-rod  moved  up  and  down,  the 
teeth  actuated  those  of  the  segment,  and 
made  the  beam  c reciprocate.  In  working 
expansively,  a small  fly-wheel,  shown  by 
the  dotted  lines  d,  was  applied  to  the 
mechanism  ; on  the  centre  of  this  was  fixed 
fig.  23.  a small  toothed  wheel,  which  was  worked 

by  the  rack  of  the  piston  ; the  fly  moved 
alternately  from  side  to  side  as  the  piston  ascended  and  descended. 
This  contrivance  was  found  possessed  of  many  disadvantages  on  being 
carried  into  practice,  especially  in  large  engines,  not  the  least  of  which 
was  the  great  noise  and  jar  occasioned  by  the  teeth  of  the  rack  and 
segment  engaging  as  the  direction  of  motion  of  the  piston-rod  was 
changed.  Some  more  elegant  contrivance  was  therefore  desiderated, 
and  Watt’s  genius  and  mechanical  ability  no  more  failed  him  here  than 
at  other  and  as  trying  times ; and  the  result  of  his  cogitations  was  the 
production  of  that  most  beautiful  and  pliiloso|)hical  mechanism  known 
as  the  parallel  motion.”  The  principle  of  this  contrivance  the  reader 
will  find  in  p.  84,  fig.  165,  Mechanics  and  Mechanism ; and  an  exemplifi- 
cation of  its  arrangement  as  carried  out  in  practice  in  the  diagram 
fig.  63,  p.  44  of  the  same  work.  The  diagram  here  given,  fig.  24, 
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illustrates  the  arrangement  of 
the  parallel  motion  as  first  ap- 
plied to  the  double-acting  en- 
gine. Let  a a ho.  the  working 
beam, /is  the  piston-rod,  ^ the 
air-pump  rod,  bed  the  links. 

Other  exemplifications  of  this 
motion  will  be  found  in  the  dia- 
grams in  succeeding  chapters  of 
this  volume. 

In  order  to  render  tlie 
double-acting  engine  as  perfect 
in  its  arrangements  as  possible, 
and  independent  of  the  atten- 
tion of  careless  workmen.  Watt 
introduced  a method  by  which  the  engine  itself  regulated  its  own 
motion.  This  he  effected  by  adopting  what  is  now  known  as  the  ^‘gover- 
nor,’" a description  of  which  will  be  found  in  pp.  87-89,  Mechanics  and 
Mechanism,  also  illustrations  showing  its  application  to  the  opening  and 
closing  of  the  valve  by  which  the  steam  is  admited  to  the  engine.  In  the 
single-acting  engines  the  throttle-valve  was  opened  and  shut  by  hand,  a 
sufficient  uniformity  of  motion  being  thus  obtained.  A view  of  the  valve  is 
given  in  fig.  25  : a a parts  of  the  steam-pipe,  joined  together  by  a “ flange- 


joint  at  the  point  of  junction  a thin  disc  or  valve  b is  placed ; the  axis  of 
this  passes  through  a stuffing-box  in  the  pipe,  and  is  moved  by  a handle  d. 
When  the  valve  is  parallel  with  the  line  of  pipe,  the  steam-way  is  fully  open ; 
Avheii  brought  up  with  its  edges  pressing  on  the  interior  of  the  pipe,  the 
steam-way  is  closed ; intermediate  positions  admit  the  steam  in  greater  or 
less  proportions.  The  manner  in  which  the  edges  of  the  valve  are  “ cham- 
fered"" off  to  go  closely  up  to  the  pipe  is  shown  at  e.  The  “ governor’"  was 
not  the  sole  invention  of  Watt ; in  the  application  of  it,  however,  to  the 
steam-engine,  it  received  the  impress  of  his  mechanical  genius,  and  was,  as 
it  left  his  hands,  in  elegance  and  justness  of  proportion,  and  in  original  adap- 
tation to  his  peculiar  purposes,  a very  different  affair  than  when  used  for 
regulating  the  sluice  of  water-mills,  for  which  purpose,  under  the  name  of 
lift-tenter,"’  it  was  largely  used.  It  is  right,  however,  to  state  that, 


50 


HISTOUY  of  the  STEA.5I-Ei;GIKE. 


according  to  Stuart,  a Mr.  Clarke  of  Manchester  suggested  the  adaptation 
of  the  ‘^lift-tenter ' to  the  regulation  of  the  motion  of  the  steam-engme. 

The  valves  attached  to  the  cylinder  had 
to  undergo  some  modification  in  their  appli- 
cation to  double-acting  engines.  The  nature 
of  these  will  be  learned  from  an  inspection 
of  the  diagram  in  fig  26.  The  spindle  of  the 
valve  h is  continued  upwards,  and  formed 
into  a small  rack ; this  works  into  the  teeth 
of  a quadrant  e,  moved  by  the  spanner  or 
lever  d,  worked  by  the  plug-frame  of  the 
engine ; the  spindle  or  tail  of  the  valve  c 
works  in  a small  aperture  in  a bracket  below  ; 
additional  steadiness  was  obtained  by  working 
the  rack  or  slide  in  a projecting  bracket  also. 
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In  fig.  27  we  give  a diagram  illustrative  of  the  arrangements  of  the 
double-acting  engine  as  it  left  his  hands  : a the  cylinder,  h the  piston-rod, 
d the  parallel  motion,  m m the  beam,  o the  connecting-rod,  p the  sun-and- 
planet  wheel  giving  motion  to  the  fly-wheel,  e the  air-pump  rod  and  plug- 
frame  for  moving  the  valves, /j  ^ the  air-pump,  h the  condenser,  n the 
hot-water  pump  for  taking  the  hot  water  from  the  air-pump  to  the  cistern, 
from  which  it  is  pumped  by  the  pump  s,  and  delivered  to  the  boiler. 
Supposing  the  piston  at  the  top  of  the  cylinder,  the  action  of  the  engine 
h as  follows : as  steam  is  admitted  by  the  upper  valve  to  the  upper  side  of 
the  piston,  it  descends,  and,  at  a certain  part  of  its  stroke,  the  tappets  in 
the  plug-frame  shut  the  steam- valve,  and,  as  the  piston  descends,  the  steam 
expands : on  nearly  reaching  the  bottom  of  its  stroke,  the  upper  exhaust- 
valve  is  opened,  and  a communication  made  between  the  upper  side  of  the 
piston  and  the  condenser ; the  steam  above  the  piston  now  rushes  to  the 
condenser,  and  a vacuum  is  formed.  The  lower  steam-port  is  now  opened, 
and  the  steam  presses  the  piston  upwards  into  the  vacuum  formed  above 
the  piston ; at  the  proper  period  the  lower  steam-port  is  closed,  and  the 
lower  exhaust-valve  opened;  the  steam  now  rushes  from  beneath  the 
piston  to  the  condenser,  and  a vacuum  is  formed  beneath  the  piston.  The 
movements  thus  proceed  as  long  as  required. 

We  have  next  to  notice  the  arrangements  which  Watt  introduced  for 
the  purpose  of  making  the  boiler  supply  its  own  wants ; thus  adding  to 
ti  e means  by  which  the  steam-engine,  in  almost  every  respect,  was  made 
Jiutomatic.”  In  fig.  28  we  give  a diagram  illustrative  of  tlie  general 
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fig.  28. 


arrangements  of  the  boiler.  Previous  to  Watt’s  improved  ari’angements, 
the  boilers  of  steam-engines  were  generally  rude  and  clumsy  affairs,  ill 
adapted  to  raise  steam  either  quickly  or  economically.  This  was  owing, 
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no  doubt,  partly  to  the  low  state  of  the  mechanical  arts,  which  precluded 
any  attempt  at  nice  adjustment  of  parts ; and  partly  to  no  one  studying 
the  subject  in  all  its  bearings,  in  order  to  arrive  at  a knowledge  of  the  just 
proportions  necessary  to  attain  the  greatest  amount  of  steam  at  the  least 
expenditure  of  fuel.  The  shape,  too,  was  chiefly  dependent  on  caprice  or 
preconceived  notions,  being  confined  principally  to  globular  and  hemis- 
pherical forms,  with  flat  or  concave  bottoms.  The  waste  of  fuel  from 
these  boilers  at  length  attracted  the  attention  of  practical  men,  with  a 
view  to  remedy  their  defects.  Boilers  of  an  oblong  form  were  therefore 
introduced;  and  the  best  of  this  kind,  known  as  the  “wagon”  from  its 
shape,  owed  its  introduction  to  Watt. 

And  first,  as  to  the  important  point  of  supply  of  water.  A vertical 
pipe  g was  connected  with  the  boiler,  and  reached  to  within  a few 
inches  of  the  bottom.  This  pipe  varied  in  height,  according  to  tlie 
pressure  of  the  steam  employed  in  the  boiler,  allowing  some  34  inches  for 
each  pound  of  pressure  above  that  of  the  atmosphere.  The  top  of  this  pipe 
was  terminated  by  a small  cistern,  supplied  with  hot  water  from  the  hat- 
water  cistern  ; this  cistern  was  furnished  with  a valve,  opening  upwards  ; 
the  spindle  was  connected  by  a jointed  lever  to  the  lever  cZ/  this  lever 
vibrated  on  the  centre  attached  to  the  side  of  the  cistern  ; one  end  of  this 
lever  was  weighted  with  a counterpoise  A,  and  the  other  had  a rod  attached 
to  it,  which  descended  into  the  interior  of  the  boiler,  passing  through  \ 
stuffing-box,  and  having,  at  its  lower  end,  a stone  float  e.  The  action 
of  this  apparatus  was  as  follows.  On  the  water  getting  too  low  the  float 
sank,  pulling  with  it  the  end  of  the  lever,  raising  the  counterpoise  weight 
and  the  valve  d ; this  allowed  the  water  to  descend  the  pipe  to  the  boLer. 
As  the  level  of  the  water  rose,  the  float  also  rose,  and  actuating  the  lesser, 
the  valve  was  let  into  its  seat,  thus  stopping  the  flow  of  water  through 
the  pipe.  The  safety-valve  h 5,  instead  of  being  open  as  in  the  old 
engines,  was  confined  in  a box,  through  the  cover  of  which  the  spindle  of 
the  valve  worked  in  the  stuffing-box,  and  the  steam  which  escaped  was  led 
by  a pipe  to  the  chimney-flue.  Another  safety-valve  was  also  attached, 
as  at  /,  and  was  termed  “ the  internal  safety-valve its  office  vas  to 
admit  air  to  the  interior  of  the  boiler,  when,  by  any  means,  a vacuum  was 
formed  in  it  by  the  condensation  of  the  steam  : to  effect  this,  tlie  valve 
opened  inwards.  The  gauge-cocks  h li  were  used  to  ascertain  the  state  of 
the  water  in  the  boiler.  When  one  was  opened,  water  was  forced  through 
it  alone,  steam  through  the  other ; when  this  happened,  the  proportion  of 
water  in  the  boiler  was  accurately  adjusted ; if,  on  the  other  hand,  steam 
rushed  through  that  cock  Avhich  should  have  emitted  water,  the  water  was 
deficient,  and  vice  versa.  Access  was  had  to  the  interior  of  the  boiler,  for 
the  purpose  of  cleaning  it  out,  &c.,  through  the  “ man-hole  door  ” n : 
this  was  covered  by  a plate,  and  properly  secured.  The  steam  for  the 
engine  was  conveyed  by  the  pipe  o.  In  a future  chapter,  while  describing 
modern  appliances  of  the  steam-engine,  we  shall  describe  other  arrange- 
ments and  contrivances  which  the  genius  of  Watt  applied  to  the  perfection 
of  the  steam-engine. 

We  have  now  brought  the  history  of  the  steam-engine  up  to  the 
period  when  Watt  ceased  making  his  improvements  on  it.  Such  were  the 
perfection  of  his  contrivances  and  the  nicety  of  his  details,  that  he  left 
little  to  be  done  towards  its  improvement  by  other  hands. 
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We  now  hasten  to  conclude  our  notice  of  Watt.  After  the  expiry  of 
the  period  which  parliament  had  granted  him  to  monopolise  the  profits  of 
the  steam-engine,  Watt  retired  from  the  firm  ; and  leaving  the  manage- 
ment of  the  business  to  his  son  and  the  son  of  Bolton,  retired  from  ‘‘that 
establishment  which  his  genius  had  matured,  and  to  which  it  had  given  a 
celebrity  as  wide  as  the  boundaries  of  civilisation,  to  the  enjoyment  of  the 
fortune  which  he  had  accumulated  from  the  meritorious  and  well-directed 
exertions  of  a life  distinguished  for  its  activity  and  usefulness.  The  patent 
expired  in  1800  ; and  in  the  house  which  he  occupied  while  at  Soho,  he 
resided  till  his  death,  which  event  occurred  on  the  23rd  of  August,  1819. 
He  had  suffered  some  inconvenience  through  the  summer,  but  was  not 
seriously  indisposed  till  within  a few  weeks  of  his  death.  He  then  became 
perfectly  aware  of  the  event  which  was  approaching ; and,  with  his  usual 
tranquillity  and  benevolence  of  nature,  seemed  only  anxious  to  point  out  to 
the  friends  around  him  the  many  sources  of  consolation  which  were  afforded 
by  the  circumstances  under  which  it  was  about  to  take  place.  He  expressed 
his  sincere  gratitude  to  Providence  for  the  length  of  days  with  which  he 
had  been  blessed,  and  his  exemption  from  most  of  the  infirmities  of  age ; 
as  well  as  for  the  calm  and  cheerful  evening  of  life  that  he  had  been  per- 
mitted to  enjoy,  after  the  honourable  labours  of  the  day  had  been  concluded. 
And  thus,  full  of  years  and  honour,  in  all  calmness  and  tranquillity,  he 
yielded  up  his  soul  without  a pang  or  a struggle,  and  passed  from  tlw?  bosom 
of  his  family  to  that  of  his  God.’' 

In  1804  Arthur  Woolfe,  of  Cambourne  in  Cornwall,  obtained  a patent 
for  an  improved  steam-engine,  in  which  advantage  was  taken  of  the  expan- 
sive properties  of  steam.  He  employed  steam  of  considerable  pressure  to 
work  the  piston  of  a small  cylinder  ; and  on  its  escaping  from  this,  it  was 
applied  to  the  piston  of  a cylinder  much  larger  in  size,  and  which  com- 
municated with  a condenser.  The  properties  of  steam  on  which  this 
engine  was  founded,  and  the  truth  of  which  Woolfe  thought  he  had 
established,  were  as  follow  : — 

Previous  to  his  experiments  being  instituted,  a fact  had  been  asserted 
relative  to  the  expansive  property  of  steam,  that  with  the  expansive  force 
of  four  pounds  to  the  inch,  steam  was  capable  of  expanding  into  a space 
four  times  its  volume,  and  yet  be  equal  thereafter  to  the  pressure  of 
the  atmosphere.  His  experiments  led  him  to  infer,  that  steam  of  five 
pounds  to  the  inch  would  expand  into  five  times  its  volume  ; and  that 
steam  of  6,  10,  20  lbs.  to  the  inch,  would  expand  into  6,  10,  20  times 
its  bulk,  and  still  have  a pressure  equal  to  the  atmosphere,  without  any 
additional  supply  of  heat.  On  this  supposed  discovery  of  the  expansive 
property  of  steam,  he  proportioned  his  cylinders : if  he  adopted  steam  of 
six  pounds  to  the  inch,  his  large  cylinder  was  six  times  the  volume  of  the 
small  one.  Experience,  however,  soon  showed  the  fallacy  of  this  opinion ; 
indeed,  Woolfe  himself  was  the  first  to  become  aware  of  it,  and  in  his  after- 
' practice  he  adopted  different  proportions.  The  principle,  however,  of  his 
engine  is  still  in  vogue  with  many  of  our  engineers  of  high  standing,  and 
is  being  carried  out  in  numerous  instances,  and  with  great  success  ; it 
being  beyond  a doubt,  that,  by  judicious  arrangements,  it  is  calculated  to 
become  an  economical  method  of  working. 

We  have  now  to  notice  the  principle  of  “ the  high-pressure  steam-engine,^ 
and  a few  historical  points  connected  with  it.  The  distinction  between 
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low-pressure  and  condensing”  engines,  and  ‘ndgh-pressure  and  non-con- 
densing ” engines,  is  simple  enough,  and  easily  remembered.  In  the  former, 
the  steam,  after  it  works  the  engine,  is  passed  into  the  condenser,  and  a 
vacuum  is  formed  on  one  side  of  the  piston,  it  is  then  sucked  down  as  it 
were,  and  by  this  means  a considerable  degree  of  power  is  obtained ; in 
the  latter,  the  steam,  after  working  the  piston,  is  passed  at  once  to  the 
atmosphere.  An  eminent  authority  thus  distinguishes  between  the  two, 
and  draws  a comparison  between  them  : ‘‘  All  locomotive  engines  are  of 
the  high-pressure  variety ; and  generally  all  engines  are  made  on  the  high- 
pressure  plan  w^here  the  carriage  of  condensing  water  would  be  inconvenient, 
as  the  first  cost  of  the  machine  becomes  a point  of  more  importance  than 
an  increased  consumption  of  fuel.  High-pressure  engines  are,  cceteris 
paribus,  necesarily  more  expensive  in  fuel  than  low-pressure  engines,  as 
they  occasion  the  loss  of  the  power  derivable  from  a vacuum  ; and  as  the 
quantity  of  heat  in  the  same  loeight  of  steam  is  nearly  the  same  at  all 
pressures,  there  is  no  counteracting  source  of  economy  to  compensate  for 
this  deduction.  The  use  of  high-pressure  engines  in  circumstances  in 
which  the  low-pressure  engine  is  applicable,  is  not  to  be  commended  ; and 
the  high-pressure  engine  is  rarely  employed  for  other  purposes  than  loco- 
motion on  raihvays,  except  in  the  case  of  very  small  engines  required  for 

some  temporary  or  trivial  purposes Where  high-pressure  steam  is 

employed,  it  is  expedient  to  make  the  pressure  considerable,  as  the  deduc- 
tion to  be  made  for  the  pressure  of  the  atmosphere  is  less  in  proportion 
Avith  a high  than  Avith  a moderate  pressure.  Some  locomotive  engines  are 
AA'orked  as  high  as  90  lbs.  to  the  square  inch.”  ISTotAAnthstanding  the 
objections  urged  against  the  use  of  high-pressure  engines,  they  are  used  in 
great  numbers,  and  for  an  almost  infinite  variety  of  purposes  in  connection 
Avith  our  arts  and  manufactures.  Although  with  steam  of  high  pressure 
considerable  danger  exists  in  the  liability  to  explosion  of  the  boilers,  still, 
from  the  general  simplicity  of  detail,  and  the  consequent  cheapness  in  con- 
struction, and  their  extreme  portability,  A\^e  need  not  Avonder  at  their 
extended  use. 

The  merit  of  the  introduction  of  the  first  high-pressure  steam-engine 
belongs  to  Leopold,  a native  of  Plunitz,  near  Zwdckaii.  He  described  it 
in  his  celebrated  Avork  entitled  Theatrum  Macliifiarum  Hydraulicarum, 
published  in  1727.  With  a modestr  yhich  formed  not  the  least  striking 
characteristic  of  this  amiable  man,  he  attributed  the  invention  to  Papin, 
because  this  individual  furnished  the  idea  of  using  the  expansive  force  of 
steam  to  raise  Avater,  and  from  his  having  taken  the  four-Avay  cock  Avhich 
Papin  used  in  his  air-engine.  The  engine  as  constructed  by  Leopold  is 
remarkable  for  the  simplicity  of  its  details ; a diagram  shoAving  the 
method  of  its  operation  is  given  in  fig.  29  : Avhere  a a is  part  of  the  boiler, 
on  wdiich  a four-Avay  cock  h is  placed  ; c and  d are  two  pipes  communi- 
cating Avith  the  bottom  of  the  tAA^o  cylinders,  in  Avhich  the  pistons  e andy 
Avork  ; these  are  placed  alternately, — that  is,  AA’hen  the  piston  / is  at  the  top, 
e is  at  the  bottom  ; they  are  both  loaded  Avith  lead,  to  act  as  counterpoises, 
and  bring  down  the  ends  of  the  beams  g and  li  to  AAdiich  they  are  attached  ; 
the  other  ends  of  these  beams  have  pump-rods  attached.  Suppose  the  piston 
f to  be  at  the  top  of  the  cylinder,  the  ibur-Avay  cock  is  turned  one  quarter 
round  ; this  opens  a communication  betAveen  the  cylinder  in  Avliich  f Avorka 
and  tlie  open  air,  and  betAveen  the  boiler  and  the  cylinder  in  Avhich  e works  ; 
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tlie  steam  in  / passing  into  tlie  air,  the  pressure  on  the  piston  is  relieved, 
and  it  descends  ; the  steam,  however,  acting  on  the  piston  of  the  cylinder  e, 
presses  it  to  the  top  : there  have  been  thus  two  strokes  of  the  pump-rods, 
one  up  by  the  cylinder  piston/,  the  other  down  by  e.  On  / reaching  thci 
bottom  of  its  cylinder,  and  e the  top,  the  four- way  cock  is  turned,  back 
again  a fourth  ; the  communication  between  the  interior  of  cylinder  e and 
the  atmosphere  is  thus  opened,  and  between  the  boiler  and  cylinder/;  a 
down  stroke  of  e is  thus  made,  and  an  up  one  of  /;  and  so  on  alternately. 

By  an  inspection  of  the  specification  of  Watt's  steam-engine,  already 
given,  it  will  be  seen  that  he  contemplated  the  use  of  high-pressure  steam  ; 
he,  however,  had  a decided  objection  to  its  use,  and  consequently  did  not 
further  prosecute  his  ideas.  Jn  1802  Messrs.  Trevethick  and  Yivian,  of 


Cambourne  in  Cornwall,  took  out  a patent  for  a high-pressure  engine,  which 
was  used  to  propel  a carriage  or  wagon  : the  arrangements  of  this  engine 
are  particularly  ingenious,  and  some  of  the  details  modified,  form  features 
in  many  of  the  modern  high-pressure  engines.  Jn  fig.  30,  the  boiler  a a is 
of  a circular  form,  to  resist  the  high  pressure  of  the  steam  ; to  prevent  the 
loss  of  heat  by  radiation,  it  is  enclosed  in  a case  filled  wdth  clay ; the 
lower  part  of  the  case  forms  the  fire-place,  and  the  flame  and  heated  air 
circulates  round  the  boiler  at  its  upper  part,  finally  issuing  into  the 
chimney  ; c the  cylinder,  the  lower  part  of  which  is  within  the  boiler ; 
d the  piston ; g the  piston-rod,  passing  through  a stuffing-box  in  the 
cylinder-cover,  and  having  a connecting-rod  li  attached  to  the  crank  i ; by 
this  arrangement  the  fly-wheel  revolves.  The  piston-rod  works  between 
guides,  as  shown  in  the  diagram.  A worm  or  snail  wheel y in  its  revolu- 
tion acts  on  the  small  wheel  /»',  which  is  fastened  on  the  end  of  the  lever  Z, 
furnished  with  a counterpoise  n ; steam  is  admitted  to  the  cylinder  by  the 
passage  e through  the  valve/;  by  moving  this  cock  or  valve  a quarter-turn, 
the  steam  is  admitted  either  to  the  upper  or  under  side  of  the  cylinder. 
By  the  falling  of  the  wheel  h,  by  the  action  of  the  cam  or  snail-Avheel  / the 
lever  is  depressed  and  the  weight  n rises ; this  acts  on  a lever  m,  and  by 
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making  its  lower  end  move  outwards,  pulls  the  horizontal  lever  o through 
a part  of  its  radius  ; and  through  the  medium  of  the  lever  or  spindle  h the 
valve  is  moved  round  one  quarter.  A click  or  ratchet  is  placed  on  the 
top  of  the  spindle  h,  which,  coiling  up  during  the  time  that  the  lever  o is 
moving  outwards,  does  not  move  the  cock  /;  but  when  the  extremity  of 
the  worm-wheel  touches  the  wheel  Jc,  which  will  happen  when  the  piston 
is  near  the  top  of  its  stroke,  the  wheel  k goes  into  the  cavity  of  the  cam- 
wheel  j ; and  the  extremity  of  m returning,  the  lever  o turns  the  cock/  a 
quarter  round ; this  admits  the  steam  to  the  upper  side  of  the  piston,  and 
allows  that  beneath  it  to  pass  into  the  atmosphere. 

AVe  now  proceed,  as  a conclusion  to  the  present  division  of  our  work, 
to  present  examples  of  steam-engines  in  use  at  the  present  time ; reserving 
for  another  division  descriptions  of  the  various  details  of  modern  engin^ 
work  ; as  boilers,  safety-valves,  feed-apparatus,  cylinder  valves,  valve  gear- 
pistons — packed  and  metallic,  &c.  &c. 

In  fig.  3L  we  give  a drawing  of  a large  pumping  engine  erected  a< 
AValbottle  Colliery,  Northumberland,  by  the  celebrated  engineering  firm 
of  Messrs.  Hawthorn  of  Newcastle.  The  principal  feature  in  the  arrange- 
ment is  the  economy  and  simplicity  of  working  the  forcing  or  plungei 
])ump  with  two  lifting-pumps  direct  from  the  beam  ; the  engine,  being  a 
double-acting  condensing  one  on  the  expansive  principle,  there  is  there- 
fore no  counterpoise  on  the  left  of  the  beam,  the  engine  being  equally  loaded 
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at  the  in-door  and  out-door  stroke.  The  dimensions  of  the  engine  arc  ‘ 
follows  : the  cylinder  a a is  77  inches  in  diameter,  stroke  10  feet ; the  stroke  . 
of  the  beam  mm  17^-  feet  and  14  feet — 31^  total : length  of  stroke  of  pumps 
nnS  feet,  diameter  of  the  plunger  or  ram  28|  inches  ; diameter  of  lifting- 
pumps  16^  inches.  The  pumps  deliver  from  1,100  to  1,500  gallons  oi 
water  per  minute,  according  as  the  strokes  are  5 or  7 per  minute;  b 5 the 


valves  and  steam-pipe  leading  to  condenser  c ; e the  injection-pipe  and 
handle;  d d the  air-pump  and  lever;  n the  centre  pliunmet-block,  on 
which  the  great  beam  m m vibrates  ; y y the  stairs  for  gaining  access  to  the 
upper-story  of  the  building  ^ cc.  The  water  is  led  off  to  a neighbouring 

valley  by  the  drift  t w.  . . 

In  fig  32  we  give  an  elevation  of  a double-acting  condensing  engine, 
to  whiclf  M‘Naught’s  patent  has  been  applied  ; without  the  small  cylinder 
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a a the  arrangement  of  a double-acting  condensing  engine,  as  applied  to 
manufacturing  purposes,  will  be  easily  understood  from  an  inspection  of 
tlie  figure ; s s,  the  spring  beam,  on  which  the  plummet-block  t is  fixed ; 
u Uy  the  working  beam  (or  walking  beam,  as  it  is  termed  by  working 
engineers)  ; v,  the  connecting-rod  for  turning  the  crank  and  fiy- wheel  2 2 ; 
y the  central  pillar,  h h the  cylinder,  k the  piston-rod,  lo  the  parallel 
motion  ; 1 1 the  air-pump  rod,  2 2 the  hot-water  pump ; the  valves  in. 
valve-casing,^,  are  worked  by  the  eccentric-rod  and  levers,  d d e.  Where 
the  power  of  the  engine  originally  fitted  up  becomes  too  small  for  the 
increased  work  to  be  done,  it  is  increased  by  the  very  judicious  arrange- 


ment as  patented  by  Mr.  M‘Xaught  of  Glasgow  and  Manchester,  and  tlie 
principle  of  which  is  also  shown  in  the  diagram  in  fig  32.  The  steam  is 
admitted  at  liigh-pressure  to  a small  cylinder  a a,  fitted  on  the  side  of  the 
beam  next  to  the  connecting-rod,  and  the  parallel  motion  of  which  is 
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attached  to  the  spring  beam,  in  the  same  way  as  in  the  large  or  original 
cylinder  b h ; after  working  the  piston  of  the  high-pressure  cylinder  a a, 
tiie  steam  passes  by  the  pipe  e to  the  low-pressure  cylinder  h b,  from  Avhich 
it  finally  passes  to  the  condenser.  The  valves  of  the  high-pressure  cylinder 
are  worked  by  levers  c c,  which  are  attached  to  the  lever  which  w^orks  the 
valves  of  the  large  cylinder ; by  this  arrangement  the  valve-gear  of  both 
the  cylinders  is  connected ; and  when  that  of  the  low-pressure  cylinder 
is  disconnected,  by  throwing  the  main  eccentric  out  of  gear,  both  sets  of 
valves  are  disengaged,  and  can  be  worked  with  the  same  handle  or  lever 
simultaneously.  The  cold-water  pump  is  proposed  to  be  worked,  either  by 
a continuation  of  the  piston-rod  of  the  high-pressure  cylinder  below  the 
cylinder,  as  at  /,  or  by  a cross-head  to  the  piston-rod  of  a a,  furnished  with 
side-rods  attached  to  the  ends  of  a cross-bar  beneath  the  cylinder.  To 
this  bar  a pump  or  pumps  may  be  attached.  The  steam  acts  upon  the  top 
of  one  piston  and  the  bottom  of  another  alternately  ; by  this  means  much 
of  the  strain  and  shock  is  taken  off  the  central  journal  of  the  beam  w w ; 
and  by  consequence,  from  the  entablature-pillar  and  the  Avails.  By  this 
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arrangement  of  double-cylinder  engines  much  fuel  is  saved,  extending  in 
some  instances  to  40  per  cent. ; increased  steadiness  of  movement  is  also 
insured.  The  arrangement  is  also  adapted  to  marine-engines,  a class  of 
engine  which  possesses  many  advantages,  making  it  highly  eligible  for 
manufacturing  purposes.  The  diagram  in  fig.  33  illustrates  a form  of 
marine-engine  adapted  for  a factory,  to  which  M’Naught’s  principle  is  ap- 
plied. As  this  example  presents  many  mechanical  movements  of  interest 
to  the  student,  we  shall  append  a rather  full  description  of  its  details. 
Tig.  33  is  the  side  elevation,  and  fig.  34  the  plan.  The  high-pressure 


cylinder  A is  22  inches  diameter,  and  4 feet  stroke ; it  is  placed  between  the 
four  wrought-iron  columns  supporting  the  crank-shaft.  The  system  of 
connections  for  the  crank  is  on  the  plan  invented  by  Mr.  David  Napier. 

The  low-pressure  cylinder  i,  w^hich  is  w’orked  by  the  exhaust  steam 
from  the  cylinder  A,  is  bolted  to  the  sole-plate  at  the  opposite  end  of  the 
side-levers  1,  2.  It  is  33  inches  diameter  and  4 feet  stroke.  The  crank- 
shaft bearing  is  stayed  by  two  wrought-iron  stays  K,  cottered  into  eyes 
cast  on  the  inner  ends  of  the  crank-framing,  and  attached  to  the  upper 
inner-edge  of  the  cylinder  by  two  eyes  cast  on  the  ends  of  frames  L, 
attached  at  their  extremities  to  the  hot-well  and  the  cylinder.  The  body 
of  each  of  the  pistons  consists  of  a single  hollow’  casting  with  four  radiating 
strengthening  feathers.  The  packing  is  composed  of  two  cast-iron  rings, 
each  with  two  cuts,  and  actuated  by  a series  of  ii  springs  placed  betw’ceii 
the  body  of  the  piston  and  the  interior  surface  of  the  rings.  The  cross- 
head M is  attached  to  the  top  of  the  piston-rod  by  a central  eye  in  the 
usual  manner,  and  is  adjustable  by  a nut  bearing  on  the  upper  surface  of 
the  eye ; from  the  ends  of  this  cross-head  the  w’rought-iron  side-rods  N N, 
pass  dowm  to  the  joint  studs  in  the  double  eyes  of  the  side-levers,  where 
they  are  attached  in  the  usual  manner  (see  Mechanics  and  Mechanism), 
The  parallelism  of  the  piston-rod  is  maintained  by  the  arrangement  of 
radius  bars,  detailed  in  the  division  of  this  w’ork  Marine  Engines.  The 
jiarallel  motion-shaft  of  the  low'-pressure  cylinder  l is  carried  by  a pair  of 
short  pillars  o o,  passing  through  round  eyes  forged  in  the  diagonal  stays 
K,  and  resting  at  their  lower  extremities  upon  the  upper  sides  of  the  semi- 
circular portions  of  the  valve  rocking-shaft  pedestals  P.  The  parallel 
motion-shaft  of  the  small  cylinder  is  carried  by  bearings  forged  on  the 
upper  sides  of  the  diagonal  stays  Q,  which  are  fitted  w ith  round  eyes  at  one 
end  for  passing  uj)on  the  wrought-iron  pillars  of  the  crank-framing,  where 
they  are  supjmrted  by  collars ; the  contrary  ends  are  bolted  to  the  pedestals 
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p,  upon  which  eyes  are  cast  for  the  purpose.  The  air-pump  R is  worked 
by  short  side-rods  attached  to  studs  on  the  inner  sides  of  the  side-levers, 
the  cross-head  being  guided  by  light  wrought-iron  guide-rods  bolted  to 
the  cover  of  the  pump,  and  passing  through  eyes  purposely  formed  in  the 
cross-head ; their  upper  ends  being  fixed  in  the  short  diagonal  stays  Q. 
The  condenser  is  of  a rectangular  section,  and,  together  with  the  steam- 
passage  leading  from  the  low-pressure  cylinder,  is  cast  in  one  piece  with  the 
sole-plate.  An  air-vessel  is  fitted  on  its  top,  and  on  each  side  is  bolted  a 
pedestal  p for  the  rocking-shaft  of  the  valve-motion.  The  valves  are  of 
the  usual  single-cup  species,  similar  to  those  used  in  locomotive  engines  ? 
they  are  kept  up  to  the  valve-face  by  slight  bent  springs  attached  to  the 
interior  of  the  steam-chests.  They  are  worked  by  an  eccentric  on  the 
crank-shaft,  the  rod  of  which  is  fitted  with  a plain  gab  and  guard  at 
the  extremity,  for  the  pin  of  the  rocking  lever  T ; the  detaching  apparatus 
for  throwing  it  out  of  gear  being  worked  by  a hand-lever  on  the  end 
of  a transverse  shaft  passing  across  the  engine.  The  rocking  lever  T is 
double-ended,  the  eye  at  the  lower  end  being  jointed  by  a connecting  link 
to  a second  lever  v,  placed  on  the  rocking-shaft  w,  carrying  a lever  for 
working  the  valve  of  the  high-pressure  cylinder.  The  main  rocking- shaft 
passes  across  the  engine  from  front  to  back,  and  carries  a short-toothed 
segment,  placed  just  within  the  front  pedestal.  Near  the  end  of  this 
segment  is  placed  a stud-pin,  from  which  a lever-rod  passes  to  the  lever  x, 
fast  on  the  rocking-shaft  y;  working  on  bearings  in  the  frames  L,  and 
carrying  a lever  at  each  end  for  giving  motion  to  the  cross-head  of  the 
low-pressure  valve-spindle,  which  is  guided  by  vertical  rods,  in  the  same 
manner  as  the  air-pump  bucket.  By  this  arrangement  the  weight  of  one 
valve  balances  the  other.  The  governor  is  situated  behind  the  high- 
pressure  cylinder,  its  spindle  z being  supported  in  a footstep  on  the 
<?ngine-house  floor,  and  steadied  at  its  upper  end  by  two  wrought-iron 
stays  attached  to  the  crank-shafc  framing.  The  sliding-ring  worked  by 
the  governor  levers  is  jointed  to  two  light  links  h h,  passing  up  to  a lever 
on  the  shafts  c;  whence,  by  a series  of  levers  and  connecting  links,  the 
motion  is  communicated  to  the  throttle-valve,  which  is  placed  in  the  steam- 
pipe  in  front  of  the  valve-chest  of  the  cylinder  a.  The  steam-pipe  from 
the  boiler,  which  is  not  shown  in  the  drawings,  conducts  the  steam  by  the 
thoroughfare  d,  seen  in  the  ground-plan ; a corresponding  passage  c conveys 
the  exhaust  steam  by  the  dotted  copper  pipe  f,  to  the  front  of  the  valve- 
chest  of  the  low-pressure  cylinder. 

The  hand-gear  for  the  valves  consists  of  a quadruple  lever,  fast  on  a 
short  spindle  carried  in  bearings  on  the  top  of  the  condenser ; on  the  inner 
end  of  this  spindle  is  a small  pinion,  working  into  the  toothed  segment, 
previously  mentioned  as  being  fixed  on  the  main  valve  rocking-shaft.  By 
this  means,  when  the  eccentric-rod  is  thrown  out  of  gear  with  the  rocking- 
lever  by  handle  w,  the  valves  may  be  worked  with  great  care  by  the 
quadruple-lever  4,  4.  The  engine  is  bolted  down  to  a foundation  of 
masonry  by  twelve  bolts — four  at  the  high-pressure  cylinder,  four  at  the 
main  centre,  and  four  at  the  low-pressure  cylinder.  Two  cast-iron  beams 
of  the  double  section,  8 inches  wide  and  6 deep,  are  laid  along  the  bottom 
‘Of  th&  masonry  in  a longitudinal  direction,  and  through  these  the  holding- 
doTiYi  belts  pass ; tbu*s  binding  the  whole  foundation  together,  and  giving 
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the  sole-plates  a firm  liold.  T^YO  transverse  beams  of  similar  section  are 
laid  in  tlie  masonry,  above  the  longitudinal  ones,  their  ends  being  laid  in 
the  bottom  of  the  two  side  walls  of  the  engine-house.  By  adopting  this 
plan  a considerable  saving  in  the  depth  of  masonry  is  effected,  and  a most 
substantial  base  is  formed.  The  action  of  the  engine  is  precisely  similar 
to  the  ordinary  Woolfe  double-cylinder  engine;  but  the  relative  position 
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of  the  two  cylinders  effects,  to  a very  great  extent,  the  economy  and 
regularity  of  the  expansive  action  of  the  steam,  which  may  be  here  carried 
out  to  the  utmost  extent.  The  high-pressure  steam,  acting  at  one  end  of 
the  side-levers,  is  always  balanced  by  that  of  the  low-pressure  and  the 
vacuum  in  the  larger  cylinder ; so  that  the  combined  power  of  the  two  is 
conveyed  to  the  crank-pin  as  if  from  a direct-acting  cylinder.  The  example 
we  have  given  is  estimated  at  60-horse  power ; but  with  the  full  pressure 
of  35  lbs.  it  can  be  worked  up  to  120.  It  was  manufactured  by  Messrs. 
J.  and  G.  Thompson,  of  the  Clyde  Bank  Foundry,  for  the  flax-mills  at 
Prinlaws ; for  the  drawings  and  description  wo  are  indebted  to  the  courtesy 
of  the  editors  of  the  Practical  Mechanics'  Journal ^ Messrs.  Johnstone. 

In  fig.  35  we  give  a side  elevation  of  a high-pressure  steam-engine  of 
neat  design. 

In  fig.  36  we  give  an  elevation  of  a high-pressure  engine  of  the  kind 
known  as  “ crank-over-head : a is  the  cylinder,  c the  supply-pipe  from 

the  boiler,  6 the  exhaust ; the  piston-rod  is  furnished  with  a cross-head  o?. 


which  slides  in  the  parallel  slides  e e\  f the  connecting-rod  joined  to  the 
crank  g,  h h the  fly-wheel ; motion  is  communicated  to  the  governor  spindle 
from  the  fly-wheel  shaft ; the  governor  acts  on  a throttle- valve  on  the 
pipe  c ; the  valves  arc  worked  by  an  eccentric  placed  in  the  fly-wheel 
shaft. 

D 2 
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In  fig.  37  we  present  an  elevation  of  the  form  of  higli-pressure  engine 
known  as  the  table  engine  ; ''  in  this  form  the  fly-wheel  shaft  is  beneath 
the  table  or  platform  on  which  the  cylinder  stands ; the  shaft  is  provided 
with  two  cranks;  side-rods  being  connected  with  them^  and  attached  at  the 


upper  ends  to  the  ends  of  a cross-head  fixed  on  the  piston-rod  end  ; tlio 
ends  of  the  cross-head  move  in  parallel  guides.  (See  Mechanics  and 
Mtchanism.) 

In  fig.  38  we  give  a side  elevation  of  a horizontal  engine,  in  which  the 
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cylinder  a is  placed  horizontally  \ h c c the  steam-pipe,  d the  valve  casing, 
e e the  piston-guide,/thepiston-rod  connected  with  the  connecting-rod  h ; 
the  crank  is  at  Z,  fly-wheel  at  m ; the  governor  o is  moved  by  the  cord  w, 
with  a small  pair  of  bevil-wheels,  p the  rod  for  communicating  with  the 
throttle-valve  at  s ; the  pumps  i i are  worked  by  the  oscillating  lever  n,  the 
stud  of  the  lever  is  lengthened,  and  a lever  is  connected  with  it,  which 
extends  downwards,  and  is  moved  backwards  and  forwards  by  the  rod  y, 
which  is  connected  to  it  at  its  lower  end,  the  rod  g being  connected  with 
the  piston-rod  stud. 


We  now  present  examples  of  a form  of  engine  in  which  the  parts  arc 
much  simplifled ; this  variety  is  termed  the  “ oscillating  engine.’’  The 
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cylinder  vibrates  on  an  axis  either  at  top  or  bottom ; at  top  if  vibrating  in  a 
vertical  plane,  but  at  bottom  if  horizontally  ; by  this  arrangement  the  recti- 
linear motion  of  the  piston  is  made  to  accommodate  itself  to  the  circular 
motion  of  the  crank,  the  piston-rod  stuffing-box  moving  through  the  arc 
of  a circle ; this  enables  the  piston-rod  to  be  connected  at  once  with  the 
crank,  without  the  intervention  of  a connecting-rod  ; thus  securing  the  ad- 
vantages of  direct  action.  The  valves  are  worked  in  the  ordinary  way  by 
eccentrics  and  levers ; but  in  some  examples  the  action  of  the  cylinder 


itself  is  made  to  open  and  shut  them ; thus  simplifying  the  arrangements 
to  a great  deo^ree.  It  is  interesting  to  note  that  AVatt  constiucted  a model 
of  this  form  of  engine.  This  is  shown  in  fig.  39.  ^ 

The  cvlinder  in  this  model,  which  was  exhibited  in  the  Great  Exhi- 
bition, is  cased  with  wood. 
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In  fig.  40  we  give  an  elevation  of  an  oscillating  engine  by  Evans, 
exhibited  in  the  Crystal  Palace. 

Portable  steam-engines  are  now  much  used  for  a variety  of  purposes, 
and  in  agricultural  operations.  In  fig.  41  we  give  a view  of  Clayton  and 


fig,  41. 


Shuttleworth’s  agricultural  portable  engine.  In  fig.  42  vre  give  an  ele- 
vation of  Gough’s  portable  engine,  for  pumping  water  from  quarries  and 
excavations. 

In  fig.  157,  p.  81;  Mechanics  and  Mechanism^  we  give  the  side  elevation 
of  a steam-pumping  engine,  applicable  as  a portable  steam-engine  for  agri- 
cultural purposes  by  disconnecting  the  pump. 

In  another  chapter  we  propose  to  describe  the  rotatory  engine,  and 
other  varieties,  as  the  disc-engine,  the  arrangements  of  which  j>resent 
peculiarities  different  from  those  which  Ave  have  already  described,  in 
the  meantime  Ave  proceed  to  describe  the  various  details  of  the  cylinder 
engines. 
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fig.  42. 
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CHAPTER  III. 

DETAILS  OF  BOILERS  AND  ENGINES. 

Refore  ^ye  describe  the  appliances  of  boilers  as  now  adopted  in  modern 
practice,  we  propose  to  give  a few  sketches,  illustrative  of  the  varieties  of 
boilers  which  have  been  introduced  from  time  to  time. 

In  the  sketch  given  in  fig.  17  of  Smeaton’s  Chace water  engine,  the 
form  of  boiler  will  be  seen.  Smeaton  paid  great  attention  to  the  construc- 
tion of  boilers;  and  a favourite  form  of  his  is'known  as  the  ‘‘hay-stack," 
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fig.  44. 

or  “hay-cock’’  boiler.  A diagram,  showing  its  form,  is  given  in  fig.  43  ; 
a is  the  fire-place,  c c the  upper  flues,  h b the  lower  ditto ; the  steam  was 
taken  from  the  upper-part  d througli  the  pipe  e.  This  boiler  was  formed 
of  plates  of  cast-iron,  joined  together  with  flanges  and  bolts.  The  cylin- 
drical boiler,  as  in  fig.  44,  is  constructed  with  two  circular  or  semi-spheri- 
cal ends,  as  at  a a:  the  ends  of  this  form  of  boiler  are  in  America  generally 
made  flat.  In  some  instances  an  internal  circular  flue,  as  a,  fig.  45,  is 
provided  in  this  form  of  boiler  ; the  flue  extends  from  end  to  end,  and  the 
heated  air  and  smoke,  after  passing  from  the  fire-place,  goes  through  this 
flue  in  its  passage  to  the  chimney.  This  form  of  cvlindrical  boiler,  called 
the  “ Trevethiciv,”  from  its  introduction  being  attributed  to  that  engineer, 
is  generally  used  for  high-pressure  engines.  When  properly  constructed  it 
is  very  strong,  and  capable  of  resisting  a very  high  degree  of  pressure. 
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We  have  already  figured  the  form  of  boiler  known  as  the  “ wagon/*' 
adopted  by  Watt.  A boiler  very  generally  used  for  condensing  engines, 
and  knoAvn  as  the  Cornish/'  consists  of  a cylindrical  boiler,  having  a 


fi-.  45. 


large  internal  circular  flue,  in  which  the  fire  - place  is  situated.  The 
introduction  of  this  form  of  boiler  ‘‘  has  effected  great  improvements  in 
the  economy  of  fuel  as  well  as  the  strength  of  the  boiler.”  This  form  is 
shown  in  the  sectional  diagram  in  fig.  46,  where  a a is  the  boiler,  h the 
internal  flue,  c the  fire-bars. 

A form  of  boiler,  considered  by  competent  authorities  as  a very 
effective  and  economical  kind,  is  that  known  as  the  double-flued  and 
double-furnaced  boiler,  a sectional  diagram  of  which  is  given  in  fig.  47  ; 
a a the  flues,  h h the  furnaces,  c c the  boiler.  Tins  is  now  in  general  use. 
‘‘It  consists,”  says  Mr.  Fairbairn,  of  Manchester,  “of  the  cylindrical 
form,  varying  from  five  to  seven  feet  in  diameter,  with  two  flues,  wdiich 
extend  the  whole  length  of  the  boiler ; tlioy  are  perfectly  cylindrical,  and 
of  sufficient  magnitude  to  admit  a furnace  in  each.  Tliis  boiler  is  the 


simplest,  and  probably  the  most  effective,  that  has  yet  been  constructed. 
It  presents  a large  flue-surface  as  the  recipient  of  heat;  and  the  double 
flues,  when  riveted  to  the  flat  ends,  add  greatly  to  the  security  and 
strengtii  of  these  parts.  It  moreover  admits  of  the  new  process  of 
alternate  firing,  so  highly  conducive  to  perfect  combustion,  and  the  pre- 
vention of  the  nuisance  of  smoke.” 

The  boiler  known  as  tlie  “French,”  as  having  first  been  introduced 
into  practice  in  France,  and  wdiich  is  much  used  in  Lancashire,  is  figured 
in  fig.  48:  a is  the  cylindrical  boiler;  cc,  two  tubes,  stretch  longitudinally 
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below  tlic  boiler,  and  receive  their  supply  of  water  by  the  vertical  tubes  h h, 
a brick  arch /is  thrown  over,  between  the  tubes  cc;  by  this  arrangement 
the  flame  and  heated  air  from  the  furnace  pass  along  the  under  side  of 
arch  / and  tubes  c c,  returning  to  the  chimney  along  the  space  between 
the  bottom  of  tubular  boiler  a a and  upper  side  of  arch  /.  This  form  of 
boiler  is  highly  efficient ; and  the  principle  of  making  the  flame  and 
heated  air  impinge  upon  the  outside  of  tubes  containing  water,  instead  of 
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passing  through  the  inside  of  tubes  surrounded  with  water,  is  considered 
by  some  to  be  possessed  of  such  superior  advantages,  as  to  be  likely  soon 
to  supersede  all  other  arrangements.  This  principle  is  carried  out  in  a 
very  effective  manner  by  Messrs.  Galloway  in  their  patent  boilers.  Fig.  50 
is  a sectional  diagram  across  the  boiler  ; fig.  49  part  longitudinal  section, 
and  fig.  51  part  plan.  The  peculiarity  consists  in  arranging  a series  cf 
vertical  conical  tubes  a a,  within  the  central  flue,  in  a zig-zag  form,  con- 
necting the  upper  and  lower  part  of  the  boiler  c c.  The  boiler  is  of  the 
double-furnace  kind,  firing  each  furnace  alternately. 

The  great  efficiency  of  the  locomotive  boiler,  in  wdiich  the  heated  air 
passes  through  the  inside  of  tubes  which  are  surrounded  externally  with 
water,  has  directed  the  attention  of  engineers  to  the  construction  6f  boilers 
for  stationary  engines  on  this  principle.  Fig.  52  is  a longitudinal  section 
of  Messrs.  Gordon’s  multitubular  boiler,  and  fig.  53  a transverse  section. 
This  form  of  boiler  requires  no  brick-setting ; but  after  being  attached  to 
the  engine  and  to  the  chimney-flue,  can  be  set  at  work.  These  boilers  have 
double  furnaces,  which  are  fired  alternately : d is  the  fire-door,// the  com- 
bustion-chamber, e e the  fire-bars,  g the  fire-bridge,  a a the  tubes,  c the 
pipe  from  wFich  to  withdraw  the  sediment,  h the  man-hole  door,  m m the 
stays  to  strengthen  the  boiler,  h h the  standard  for  supporting  the  boiler. 

The  forms  of  boilers  w^e  have  here  given  are  such  as  are  generally 
adopted  for  land  or  stationary  engines  ; those  for  marine  being  arranged 
somewFat  difierently.  It  is  impossible,  under  this  division,  to  notice  even 
a tithe  of  the  arrangements  introduced ; W’e  must  content  ourselves,  there- 
fore, with  a few  general  notes. 

The  form  of  boiler  originally  introduced  into  steam-boats  w^as  merely  a 
land-boiler,  with  large  internal  flues,  like  the  Cornish  boiler  ; the  difference 
being,  tliat  in  the  latter  the  boiler  w’as  encased  in  brick-work,  w bile  in  tlio 
former  the  external  casing  w as  of  iron,  leaving  a space  betw’ecn,  in  w hicli 
w ater  w’as  placed.  The  plan  of  the  locomotive  tubular  boiler  was  next 
introduced,  and  w ith  marked  success.  The  next  improvement  was  turning 
the  tubes  over  the  furnaces,  as  in  fig.  54 : h the  fire-door,  h the  fire-bars, 
/ / the  tubes  passing  through  the  boiler  to  the  funnel-flue  g.  An  exceed- 
ingly compact  form  of  boiler  is  now’  rather  extensively  used.  It  is  known 
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as  tlie  ^S’ertical  tubular/’  In  form,  it  is  somewhat  like  an  ordinary 
cylindrical  boiler  set  on  end ; the  fire-place  is  near  the  lower  end,  and  is 
completely  surrounded  with  water.  From  the  upper  part  of  the  fire-place 
a number  of  vertical  tubes  are  led.  These  pass  upwards  through  the 


water,  and  obtain  space  well  through  the  upper  part  or  dome  of  the  boiler, 
where  they  unite  in  a chimney  or  flue.  The  heated  air  and  smoke  pass  from 
the  fire-place  through  these  tubes,  giving  out  these  to  the  water  with  which 
they  are  surrounded.  The  water  level  is  below  the  top  of  the  tubes  to 
some  distance,  so  that  space  is  allowed  for  steam.  The  heat  of  the  tubes 
has  a tendency  to  keep  the  steam  dry,  or  “ anhydrous,’  as  it  is  termed, 
obviating  the  inconveniences  to  some  extent  of  ‘‘  priming.”  In  fig.  55  we 
give  a section  of  a good  form  of  vertical  boiler,  patented  and  manufac- 
tured by  Dunn  and  Co.,  of  Manchester.  The  flame  returns  downward 
between  the  water  spaces.  The  ash  pits  are  placed  under  the  floor,  and 
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covered  with  iron  plates,  so  that  everything  can  be  kept  clean  around  the 
boiler. 


In  fig.  56  we  give  a diagram  illustrative  of  the  Cup-surface  Boiler,'" 
the  invention  of  Mr.  Barrans,  manufactured  by  Messrs.  B.  and  T.  Hughes  of 
New-Cross.  By  tlie  adoption  of  a series  of  projecting  hollow,  or  cup-like, 
surfaces,  the  heating  surface  of  the  boiler  is  very  much  increased,  wdthout 
any  increase  of  size.  An  exceedingly  effective  boiler  is  said,  by  this  means, 
to  be  got  in  small  space,  wnth  quick  evaporative  powers.  In  a model  boiler  on 
this  principle,  containing  seven  and  a half  gallons  of  w^ater,  steam  wms 
raised  in  five  minutes  from  the  lighting  of  the  coke,  and  blowm  off  at  a 
pressure  of  thirty  pounds  to  the  square  inch.  The  temperature  of  the 
water  at  starting  being  sixty-three  degrees  Fahrenheit.  Tlie  evaporative 
power  of  this  boiler  has  been  tested  by  Mr.  D.  B.  Clarke,  and  proved  to 
be  equal  to  the  evaporation  of  between  11  and  12  lbs.  of  wmter  for  1 lb.  of 
ordinary  coke,  with  a consumption  of  18  to  21  lbs.  of  coke  per  foot  of 
grate  per  hour.  A boiler  of  twelvm-horse  power  has  been  proved  to  have 
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consumed  28  lbs.  of  common  gas  coke  per  square  foot  of  grate  per  hour, 
and  at  that  rate  of  consumption  to  have  evaporated  10  lbs,  of  water  per 
1 lb.  of  coke.’^ 


In  fig.  57  we  give  a drawing  of  a form  of  boiler  unusually  novel  in  its 
arrangement,  and  w^hich  is  now  attracting  much  attention.  It  is  called  the 
Duplicate  Ketort  Boiler,  and  is  manufactured  by  Dunn,  Hattersley,  and 
Co.,  Manchester.  The  main  advantages  sought  by  this  arrangement,  are 
to  render  an  explosion  less  frequent,  or,  if  it  does  happen,  to  confine  its 
effects  to  a smaller  portion  of  the  steam-raising  portions,  and  thus  render  it 
less  dangerous.  This  is  effected,  as  will  be  perceived,  by  glancing  at  the 
drawing,  by  making  the  boiler  consist  of  a series  of  small  boilers  or  cylin- 
ders. These  are  placed  in  a lino  parallel  with  each  other  ; and  the  water- 
supply  pipe  is  connected  with  one  end  of  each,  by  a sliort  pipe  or  neck. 
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The  cylinders  are  about  10  feet  long  and  19  inches  in  diameter,  made  of 
<]uarter-incli  best  wrought-iron  Staffordshire  plates,  and  provided  with 
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strong  cast-iron  ends.  The  w’ater  level  is  maintained  at  about  the  semi- 
diameter line.  The  flame  and  heated  air  pass  underneath  and  over  the 
cylinders  ; and  as  the  steam  is  generated,  it  passes  by  means  of  pijics 
attached  to  the  walls  of  the  cylinders,  opposite  to  those  with  which  the 


Numerous  advantages  arc  said  to  arise  from  the  use  of  this  boiler^  in 
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addition  to  those  important  ones  already  noticed.  Thus  the  burning  action 
of  the  lire  may  be  equalised  over  the  whole  surface  of  the  cylinder,  by 
turning  them  gradually  round  ; again,  from  the  comparatively  small  size  of 
the  cylinders,  easy  transmission  from  place  to  place  is  secured.  A boiler 
on  this  principle,  tested  at  a recent  experiment  before  several  of  the  best 
known  engineers  of  Manchester,  burst  at  a pressure  of  525  lbs.  to  the 
square-inch.  A pressure,  be  it  noted,  very  far  exceeding  that  to  which 
boilers  under  ordinary  circumstances  are  subjected. 

In  fig.  58,  we  give  a longitudinal  section  of  Cowburn’s  Patent 
Cellular  Boiler,”  by  wliich  a large  amount  of  heating  surface  is  ob- 
tained, and,  according  to  the  patentee,  equal  expansion  of  the  iron,  less 
commotion  of  the  water,  facilities  for  repairs  and  inspection,  and  greater 
space  for  water  and  steam  than  the  ordinary  two-flued  boiler  of  equal 
diameter.  In  the  drawing,  h shows  the  swing  door  in  the  upper  fire 
bridge,  for  the  two-fold  purpose  of  admitting  a due  supply  of  air,  and 


of  removing  the  ashes  and  flue  dust.  The  bridge  of  the  funnel  under  the 
boiler  is  hollow  at  i,  to  admit  of  the  return  flue-current  passing  from  one 
side  of  the  boiler  to  the  other.  The  internal  flue  consists  of  a series  of 
compartments  or  cells,  J j j jy  between  which  are  the  wells  of  water, 
likkh,  penetrated  by  a number  of  short  wrought  iron  pipes.  Illy  that  con- 
nect and  secure  each  portion  of  the  internal  flue  longitudinally,  and  with 
the  ends  of  the  boiler.  Each  chamber  or  cell  is  also  connected  with  the 
bottom  of  the  boiler  by  a series  of  vertical  flue  passages,  ///,  wdiich  admit 
the  products  of  combustion  from  the  lower  fire,  and  allow  the  flue-dust  to 
precipitate  into  the  spaces  beneath.  The  pipes  placed  between  the  fire-box 
and  the  first  cell  are  three  in  number,  one  of  which  is  placed  over  the  two 
others  for  the  purpose  of  enticing  the  flames  to  descend  after  passing  over 
the  bridge,  and  to  intercept  the  flames  from  the  lower  fire  at  the  bottom  of 
the  first  cell.  The  flames  being  thus  united,  rise  to  the  top  of  the  second 
cell,  as  the  second  series  of  pipes  are  arranged  in  the  inverse  position  (two 
placed  over  one),  pass  through  them,  again  receive  additions  from  beneath, 
and  undulate  and  intermix  in  their  passage  from  cell  through  pipe  to  cell. 
The  united  products  of  combustion  are  thus  made  to  pass  through  the 
water,  previous  to  their  combined  return  by  the  side  of  the  boiler,  and  a 
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considerable  addition  of  heating 
boiler/’ 


surface  is  thus  obtained  under  the 
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fig.  69. 


The  principle  of  boiler  as  patented  by  the 
Earl  of  Dundonald  is  considered  good  ; it  has  been 
adopted  with  marked  success  in  the  line  of  Ocean 
Arherican  steamers  of  Collins.  The  diagram  in 
fig.  59  shows  the  arrangement.  The  boilers  are 
provided  with  two  rows  of  fire-places,  and  two 
tiers  of  tubes,  one  above  the  other,  for  the  pur- 
pose of  increasing  the  grate  and  boiler  surface.” 
Having  illustrated  the  forms  of  boiler  in- 
troduced both  for  land  and  marine  engines,  to 
the  extent  we  deem  neeessary  for  the  purposes  of 
our  work, we  now  proceed  to  illustrate  the  appliances 
of  modern  boilers. 

In  condensing,  or  low-pressure  engines,  the  water  is  supplied  to  the  boiler 
through  a stand-pipe ; this  is  of  altitude  sufficient  to  contain  a column  of 
water  necessary  to  counterbalance  the  pressure  of  steam  in  the  boiler.  A 
small  cistern  is  placed  on  the  top  of  this  stand-pipe,  which  is  supplied  with 
water  from  the  hot-well  by  the  power  of  the  engine  ; a small  valve  is  placed 
at  the  bottom  of  this  cistern,  which  is  opened  by  a lever  ; this  lever  is  acted 
upon  by  the  fioat  in  the  inside  of  the  boiler,  the  wire  or  rod  connected  with 
it  passing  through  the  top  of  the  boiler,  and  fastened  to  the  end  of  the 
lever  ; the  arrangement  has  already  been  figured  in  Chapter  II.  In  some 
instances,  the  wire  or  rod  of  the  fioat  passing  through  the  boiler  has  stuck 
in  its  stuffing-box,  and  thus  rendered  the  apparatus  inoperative.  A plan 
to  obviate  this  has  been  recently  introduced ; this  consists  of  a pipe,  same 
height  as  the  stand-pipe,  containing  a column  of  water  ; the  rod  of  the  float 
passing  through  this  is  moved  without  friction,  and  cannot  stick.  This 
apparatus  of  stand-pipe  and  float  acts  as  a safety-valve  in  some  measure,  as 
before  mentioned.  The  height  of  column  of  water  in  the  stand-pipe  is 
calculated  so  as  to  counterbalance  the  pressure  of  steam  in  the  boiler ; but 
should  the  pressure  of  steam  increase  beyond  a certain  point,  the  water 
will  be  forced  out  of  the  pipe  through  the  valve  in  the  cistern,  and  thus 
give  timely  warning.  The  stand-pipe  has  another  apparatus  connected 
with  it,  by  which  the  degree  of  combustion  in  the  furnace  is  regulated.  At 
the  throat  of  the  chimney  a valve,  consisting  of  a flat  plate  sliding  in  a 
frame,  is  |fiaced;  when  this  is  forced  fully  into  its  frame  the  aperture  of 
the  chimney  is  closed,  thus  preventing  the  smoke,  &c.,  from  the  furnace 
gaining  access  to  the  chimney : by  this  means  the  intensity  of  combustion 
is  lessened,  and  the  fire  finally  goes  out.  In  proportion,  therefore,  to  the 
degree  of  opening  of  the  mouth  of  the  funnel,  so  will  be  the  intensity  of 
combustion  in  the  grate.  The  sliding-valve  has  connected  with  it  a chain, 
which,  passing  over  two  pulleys,  is  finally  passed  down  the  interior  of  the 
stand-pipe,  and  connected  with  a float  which  moves  up  and  down  in  it.  As 
the  ju’essure  of  the  steam  increases  in  the  boiler,  the  water  is  forced  up  the 
stand-pipe ; this  raises  the  float,  and  releasing  the  chain,  the  damper  or 
valve  at  the  mouth  of  the  chimney  is  forced  into  its  frame  ; the  tliroat  of 
the  chimney  is  thus  proportionally  closed,  the  dmught  is  diminished,  the  fuel 
in  the  furnace  burns  less  fiercely,  the  pressure  of  steam  is  diminished,  the 
water  in  the  stand-pipe  falls,  and  along  with  it  the  float ; this  tightens  the 
chain,  and  tlie  damper  is  pulled  up. 
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In  high-pressure  engines,  the  chain  of  the  damper  passes  over  two  pul- 
leys, and  is  connected  with  a counter-balance  w^eight,  hung  near  the  furnace 
door  ; the  raising  and  depressing  of  the  damper  is  done  by  liand. 

In  high-pressure  boilers  the  water  is  supplied  to  the  boiler  by  a force- 
pump,  worked  by  the  engine;  the  water  being  forced  into  the  boiler 
against  the  pressure  of  the  steam.  A very  ingenious  apparatus  for  suj)- 
pTying  high-pressure  boilers  with  water,  has  been  introduced  by  Messrs. 
Gray  and  Higginbotham,  of  Glasgow.  A section  of  this  is  given  in  fig.  GO. 
It  is  called  the  ‘‘  Patent  Bucket 
Boiler  Feed,”  and  the  following  is 
the  description  of  the  patentees.  The 
drawing  is  a vertical  section  length- 
wise of  the  apparatus  as  it  is  usually 
set  on  the  boiler.  It  consists  of  a 
circular  water-tank  a,  about  twenty- 
four  inches  in  diameter ; in  the  centre 
of  this  tank  is  a close  cy  linder  b.  F roin 
the  tank  and  cylinder,  two  pipes,  c 
and  d,  are  led  into  the  boiler ; at  the 
upper  ends  of  these  pipes,  the  valves 
e and  f are  placed,  both  of  which 
valves  open  downwards.  One  of  tlie 
pipes,  r,  is  carried  into  the  boiler  to 
the  level  at  which  it  is  desired  to 
maintain  the  waiter.  The  other  pipe, 
dj  is  carried  further  down,  near  to  the 
bottom  of  the  boiler,  if  thought  ad- 
visable. 

Across  the  top  of  the  tank,  a lever 
g is  placed,  at  the  one  end  of  which 
is  the  triangular  tumbling  bucket  A ; 
and  at  the  other  the  back  weight  i. 

This  lever  oscillates  on  a bracket,  J,  near  the  centre.  The  valve  c,  at  the 
top  of  the  steam,  or  the  shorter  of  the  tw’o  pipes,  is  connected  by  the 
spindle  h wdth  the  lever  g.  The  water  running  through  the  pipe  I into 
the  bucket  A,  makes  it  heavier  than  the  back-weight  ?,  depresses  that  end 
of  the  lever,  overcomes  the  upward  pressure  of  the  steam  on  the  valve  c, 
and  thus,  by  means  of  the  spindle  A,  opens  the  valve.  The  steam  then 
passes  through  the  valve  c,  by  the  passage  m,  into  the  close  cylinder  h,  and 
presses  the  water  contained  in  it  down  through  the  longer  pipe  c/,  by  the 
valve/,  into  the  boiler.  By  the  time  the  close  cylinder  6 is  empty  of  water, 
the  bucket  A having  filled,  tumbles  its  contents  into  the  tank  a ; the  back- 
weight  i resumes  its  preponderance,  and  raising  the  bucket  end  of  the 
lever  g,  draws  up  the  spindle  A,  and  the  valve  e is  closed.  The  steam  in 
the  close  cylinder  b is  then  condensed  by  the  lower  temperature  of  the 
water  in  the  tank  <7,  by  which  the  close  cylinder  b is  surrounded,  and  a 
partial  vacuum  being  formed,  the  loose  valve  ??,  at  the  bottom  of  the  cylinder 
6,  opens,  and  the  water  again  rises  in  the  cylinder  6.  By  this  time,  if  the 
boiler  requires  more  water,  the  bucket  A has  again  overcome  the  back- 
weight  i,  and  opened  the  valve  e ; the  steam  again  presses  the  water  down 
the  pipe  d into  the  boiler,  and  the  same  process  is  repeated  as  often  as  re- 
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quired.  Whenever  the  water  in  the  boiler  rises  above  the  mouth  of  tlie 
shorter  pipe  r,  no  steam  passes  up,  and  the  feed  ceases  to  act ; for  the 
water  rising  in  the  tank  <7,  lifts  the  ball  o,  and  shuts  the  cock/j  on  the 
pipe  I,  through  which  the  water  runs  into  the  bucket  A.  Q is  an  outlet 
for  the  superfluous  water  (of  which  there  should  be  but  little),  and  r is  a 
small  air-pipe,  the  cocks  upon  which  should  be  opened  just  as  much  as 
will  suflice  to  admit  air  into  the  cylinder  sufficient  to  prevent  the  formation 
of  a perfect  vacuum.  This  pipe  also  allows  air,  generated  by  the  steam,  to 
escape  from  the  cylinder.  T is  a shield  surrounding  the  mouth  of  the 
pipe  e,  so  as  to  secure  a smooth  surface  of  water.  Y and  z are  catches  to 
prevent  the  bucket  tumbling  or  lowering  the  lever  too  far. 

Where  the  steam  in  boilers 
reaches  a degree  of  pressure  likely 
to  be  dangerous  to  its  safety,  what 
are  termed  ‘‘  safety-valves  ’’  are 
used.  Mr.  Fairbairn  calls  them 
the  only  “legitimate  outlets”  in 
circumstances  such  as  the  above. 
Two  should  always  be  provided 
to  every  boiler,  of  sufficient  ca- 
pacity to  carry  off  the  quantity  of 
steam  generated  by  the  boiler.  To 
prevent  additions  being  made  to 
the  weight,  Mr.  Fairbairn  recom- 
mends a “ lock-up  valve,”  as  re- 
presented in  fig.  61;  a is  the  valve ; h is  a shell  of  thin  brass,  opening  on 
a hinge,  and  secured  by  a padlock  ; it  is  of  such  a diameter  as  to  allow 
the  waste  steam  to  escape  in  the  direction  of  the  arrows  ; c is  the  weight 
which  may  be  fixed  at  any  part  of  the  lever  to  give  the  desired  amount  of 
pressure,  but  wdiich  cannot  be  fixed  or  altered  unless  the  boiler  is  opened 
to  allow  a man  to  get  inside ; is  a handle,  having  a long  slot,  by  wdiich 
the  valve  may  be  relieved  or  tried  at  any  time,  to  obviate  the  liability  of 
its  corroding  or  being  jammed  ; but  the  engineer  cannot  put  any  additional 
w^eight  upon  the  valve  by  this  handle.  The  sticking  of  the  valve  in  its 
seat  is  always  a fruitful  source  of  danger. 

As  a valuable  aid  towards  obviating  such  disasters,  we  here  illustrate- 
and  describe,  in  fig.  62,  the  very  neat  valve  registered  by  !Mr.  James 
Nasmyth,  of  the  Bridgewater  Works  at  Patricroft,  wdiich  has  met  wdth 
very  general  and  high  approval,  as  uniting  in  a most  simple  combination 
all  the  qualities  wdiich  can  tend  to  the  formation  of  a true  and  perfect 
safety-valve. 

The  total  absence  of  all  spindles  or  other  guiding  agencies,  w hich  have 
hitherto  proved  so  fertile  a source  of  mischief  and  uncertainty  in  the  action 
and  permanent  perfect  condition  of  this  vital  part  of  a boiler  apj^aratus, 
w ill  be  seen  at  a glance  to  characterise  the  design  of  this  absolute  safety- 
valve. 

The  chief  feature  of  novelty,  how^ever,  wdiich  distinguishes  this  im- 
proved safety-valve  from  all  others  hitherto  proposed,  consists  in  the  pe- 
culiar and  simple  manner  in  which  the  motion  of  the  w’ater  in  the  boiler  is 
em})loyed,  as  the  agent  by  wdiich  the  valve  is  prevented  from  ever  getting 
set  fast  in  its  scat.  The  sw’aying  to-and-fro  sort  of  motion  which  at  all 
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times  accompanies  the  ebullition  of  water  in  boilers,  is  made  to  act  upon  a 
sheet-iron  appendage  to  the  weight  directly  attached  to  the  valve ; and  as 
the  rod  which  connects  this  sheet-iron  appendage  and  weight  to  the  valve 
is  inflexible,  it  will  be  easily  seen  how  any  slight  pendulous  motion  given 
to  the  sheet-iron  appendage  is  directly  transferred  to  the  valve ; and  as 
that  portion  of  the  valve  which  rests  in  the  seat  is  spherical,  the  valve  not 
only  admits  of,  but  receives,  a continual  slight  motion  in  its  seat  in  all  di- 
rections, as  the  result  of  the  universal  pendulous  motion  of  the  appended 
weight,  as  acted  upon  by  the  incessant  swaying  motion  of  tlie  water  during 
ebullition.  It  will  be  seen  that,  as  the  spherical  portions  of  the  valve  and 
seat  are  of  equal  width,  the  edges  of  their  resj)ective  surfaces  pass  and 
repass  each  other  continually,  and  so  maintain  and  continually  tend  to 


tig.  G2. 


improve  the  perfect  spherical  fit  and  agreement  between  the  valve  and 
its  seat. 

It  may  be  proper  to  observe  that,  when  the  steam  is  nearly  up  to  the 
desired  pressure,  the  valve  rests  on  its  seat  with  a pressure  next  to  no  pres- 
sure at  all,  and  is  then,  as  it  were,  floating  on  steam.  This  action  is 
common  to  all  good  valves,  but  the  observation  may  tend  to  show  a slight 
movement  of  tiie  water  aflects  the  valve  in  its  seat.  A pipe  may  lead  the 
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steam  escaping  from  this  valve  to  tlm  manager’s  oihee,  and  there  give 
audible  notice  of  its  escape  by  acting  in  a steam-whistle  there  placed. 

In  fig.  63  we  give  a section  of  Sopkinsan’s  double  safety-valve,  which 
lias  been  most  extensively  adopted.  It  serves  a two-fold  purpose,  a safety- 
valve,  to  obviate  explosion  from  excess  of  jjressure  of  steam,  and  also  from 
a deficiency  of  water. 


Mr.  Hawthorn,  of  the  well-known  Locomotive  Engine-works,  New- 
castle-on-Tyne,  has  introduced  a form  of  safety-valve,  illustrated  in 

fig.  64,  designed  to  obviate  the 
defects  of  the  common  safety- 
valve.  The  following  description 
and  illustration  will  explain  the 
inventor’s  views  on  the  subject. 
From  the  wide  range  of  practical 
experience  enjoyed  by  him,  these 
are  worthy  of  earnest  considera- 
tion."^ “ In  practice,”  he  remarks, 
“ the  common  mitre  safety-valves, 
for  steam-boilers,  are  found  to  lift  to  a very  small  extent  for  the  escape  of 
steam,  when  the  pressure  in  the  boiler  exceeds  the  load  upon  the  valve. 
If  the  latter  be  continued  uniform,  and  the  pressure  of  steam  increased, 
the  lift  of  the  valve-lid  is  not  in  accordance  with  the  increase  of  pressure, 
and  is  in  no  case  proportionate  to  the  full  area  of  the  valve.  This  defective 
lifting  of  the  valve-lid  is  found  to  arise  from  a partial  vacuum  being 
formed  underneath  it  by  the  radiating  discharge  of  the  steam  forming  an 

* See  Catalogue  of  the  Society  of  Arts  Echibition  of  Inventions,  1855-G,  p.  8. 
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inverted  cone,  the  interior  of  which  is  kept  in  a state  of  exhaustion  by  the 
rapid  diverging  streamlets  as  they  issue  from  the  circumference  of  the  lid 
as  soon  as  it  is  lifted  from  the  valve-fall.  The  annular  valve  has  been  de- 
signed with  the  view  of  counteracting  this  defect.  The  centre  part  of  the 
lid  is  removed,  and  cast  in  one  piece  with  the  valve-seat,  so  that  as  soon 
ns  the  valve-lid  is  lifted  the  steam  can  escape  through  the  central  part  of 
it  as  well  as  past  its  external  circumference,  thus  giving  nearly  double  the 
amount  of  escape  for  the  steam,  Avith  the  same  lift  as  a common  mitre 
safety-valve  of  similar  external  diameter,  and  by  using  a greater  number 
of  rings  with  the  same  lift  the  escapement  may  be  increased  to  any 
required  amount.  These  valves  also  possess  the  further  advantage  of 
requiring  much  less  weight  to  load  them  to  resist  a given  pressure.  The 
valve-faces  are  either  made  concave,  and  the  lid  of  the  form  of  the  seg- 
ment of  a sphere,  or  they  are  made  upon  the  same  plane,  so  that  the 
expansion  of  the  metal  by  heat  does  not  affect  their  bearings ; and,  by 
making  the  spindle  or  box  of  the  valve-lid  hollow,  the  valve  is  loaded  by 
the  weight-pin  below  the  level  of  the  faces,  thus  giving  to  the  valve-lid  a 
self-adjusting  tendency,  and,  not  depending  on  the  boss  or  pin  as  a guide, 
they  have  a perfectly  free  action  in  their  sockets,  Avhereby  friction  is 
avoided.  Fig.  64  is  a sectional  elevation  of  an  annular  safety-valve,  with 
flat  faces,  a cu  The  spindle  or  boss,  6,  of  the  lid,  is  hollow,  to  allow  the 
Aveight-pin  c to  pass  down  it.  The  valve  is  loaded  by  a lever  d,  and 
spring-balance  <?,  in  the  ordinary  manner.’' 

Still  further  to  obviate  the  risk  of  boilers  exploding  from  a dangerous 
pressure,  fusible  plates  are  introduced  sometimes  on  the  top  of  tlie 
boiler.  These  are  made  of  a composition  calculated  to  melt  at  a conipa- 
rati\^ely  Ioav  temperature.  Fusible  plugs  are  also  introduced  into  apertures 
on  the  boiler  beloAV  Avater-line  ; these  melting,  when  the  Avater  gets  too 
low,  allow  the  steam  to  pass  off.  Little  reliance,  hoAvever,  is  to  be  placed 
on  these  contrivances. 

All  boilers  are  supplied  Avith  gauge-cocks,  the  nature  of  which  has 
been  already  described ; by  these  the  level  of  the  Avater  in  the  boiler  is 
ascertained. 

Mercurial  pressure  gauges  are  frequently  used  to  indicate  the  exact 
degree  of  pressure  in  the  boiler.  A glass  tube  is  placed  in  a small  cistern 
filled  Avith  mercury  ; one  end  is  closed,  the  other  opens  to  the  interior  of 
boiler  in  the  steam  space  ; the  steam  passing  down  the  tube  presses  on  the 
surface  of  the  mercury ; by  this  means  the  air  in  the  upper  part  of  the 
tube  is  compressed,  and  in  proportion  to  the  compression  so  is  the  pressure 
in  the  boiler.  In  improved  gauges  a scale  is  attached,  Avhich  shoAvs  the 
temperature  of  the  steam  as  Avell  as  its  pressure  in  the  boiler.  In  fig.  65 
Ave  give  an  illustration  of  Hopkinson’s  Mercurial  Steam-pressure  Gauge,  in 
Avluch  many  of  the  defects  of  ordinary  gauges  are  said  to  be  obviated.  The 
draAving  gives  an  external  vieAv  of  the  gauge.  It  consists  of  a hollow  iron 
casting,  a glass  tube,  open  at  one  end  only,  an  iron  tube,  made  expressly 
for  the  purpose,  and  an  index,  engraved  in  very  legible  characters.  The 
glass  and  iron  tubes  haA^e  areas  respectively  proportioned,  as  10  to  1, 
consequently  a difference  of  one-fifth  of  an  inch  in  the  greater  or  glass 
tube  AAull  equal  tAvo  inches  in  the  smaller  or  iron  tube,  Avhich,  being  open 
to  the  air,  every  tAvo  inches,  Avhen  filled  Avith  mercury,  equal  one  pound 
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of  pressure.  The  tubes  are  placed  in  front  of  the  iron  casting.  The  glass 
tube  being  filled  witli  mercury,  the  latter  is  pressed  downwards  by  the 
force  of  the  steam,  and  caused  to  rise  in  the  iron  tube. 

When  in  use,  tlie  gauge  may  be  tested  at  any  time  by  closing  the 
communication  from  the  boiler  at  a,  and  unscrewing  the  plug  6,  the 
mercury  should  then  stand  in  the  glass  tube  at  o.  It  may  be  cleaned  at  any 
time,  by  unscrewing  the  plug  c,  and  withdrawing  the  glass  tube  containing 
the  mercury. 

Should  any  sediment  collect  in  the  bottom  of  the  iron  casting,  it  may 
at  once  be  got  rid  of  by  removing  the  plug  d. 

In  another  class  of  steam-gauges  the  pressure  is  indicated  by  the  move- 
ment of  a finger-hand  or  dial.  A well-known  form,  which  enjoys  a high 
reputation,  is  that  of  “ Bourdon,”  of  which  we  give  a sketch  in  fig.  06. 
In  tiiis  the  steam  has  a spring  of  a peculiar  construction. 


The  level  of  the  water  in  the  boiler  is  indicated,  in  addition  to  the 
gauge-cocks,”  already  explained,  by  the  water-gauge,”  the  manage- 
ment and  operation  of  which  the  reader  will  find  described  in  the  chapter 
on  locomotives,  fig.  111.  In  the  form  there  illustrated,  should  the  glass 
tube  be  broken,  the  steam  and  valve  will  have  free  escape,  which  may  bo 
attended  with  dangerous  results.  To  obviate  this  defect,  Mr.  S.  Smith, 
of  Traffic  St.,  City,  London,  has  introduced  an  ingenious  form  of  ‘‘  water 
gauge,”  in  which  valves  are  supplied.  In  the  event  of  the  glass  tube  being 
broken,  tlie  pressure  of  the  steam  and  water  cause  these  valves  to  b * 
instantly  closed,  thus  preventing  their  ogress.  This  form  is  illustrated 
in  fig.  G7. 

The  consumption  of  smoke  arising  from  the  fuel  used  to  raise 
the  steam  in  the  furnaces  of  boilers,  has  long  been  a favourite  pro- 
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ject  among  inventors,  and  the  adoption  of  a good  plan  to  effect  this  de- 
sideratum, always  of  importance,  has  more  recently  attracted  earnest 
attention,  from  the  fact  of  many  corpo- 
rations making  it  imperative  on  those  who  em- 
ploy steam-engines  to  consume  their  own  smoke. 

The  limits  of  our  work  preclude  us  from  fully 
going  into  this  matter  ; we  must  therefore  refer 
our  readers  to  large  works.  We  have  space 
only  to  notice  those  inventions  which  have  a 
liigh  character.  The  first  is  the  invention  of 
Mr.  John  Lee  Stevens,  of  London.  The  in- 
vention,’’ says  Mr.  Stevens,  in  his  prospectus, 
from  which  our  diagrams  are  taken,  “ con- 
sists in  the  combination  of  two  sets  of  fixed 
fire-bars,  the  first  of  which  is  fed  by  the 
scoria  and  cinders  voided  from  tlie  second  or 
upper  set  of  fire-bars,  with  a calorific  plate, 
as  shown  in  the  diagram ; by  which  ar- 
rangement the  current  of  air  entering  at  the 
lower  part  of  the  furnace  passes  through  two 
strata  of  fire,  and  thence  between  the  calorific 
plate  and  the  bridge,  and  is  thus  so  intensely 
heated  as  continuously  to  produce  the  entire 
combustion  of  the  gaseous  products  of  the  fuel, 
without  the  formation  of  smoke.”  An  ap- 
pendage to  the  furnace-door,  which  has  a high 
reputation  as  an  improver  of  combustion,  and 
consequent  preventer  of  smoke,  and  the  econo- 
misation of  fuel,  is  the  contrivance  known  as 
Prideaux’s  Self-closing  Furnace  Yalve,  and 
which,  through  the  kindness  of  the  patentee, 
we  are  enabled  now  to  illustrate  and  describe. 

This  invention,  illustrated  in  figs.  67  a,  67  h, 

67  c,  and  67  d,  consists  of  an  apparatus  to  be  affixed  to  the  fire- 
doors  of  furnaces,  with  the  view  of  regulating  the  admission  of  air, 
ill  order  to  improve  the  combustion  (and  thereby  economise  fuel  and 


fig.  67  a. 


fig.  67  h 
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prevent  smoke), 
upwards. 


and  at  the  same  time  stopping  the  radiation  of  heat 


f g.  67  d. 


All  that  is  necessary  for  its  application  is  to  remove 
the  centre  portion  of  the  fire-door  (or  what  is  generally 
more  feasible,  cast  a door  consisting  merely  of  a frame), 
insert  the  apparatus  in  the  aperture  thus  formed,  which 
it  should  exactly  fit,  and  screw  it  fast. 

The  front  of  the  apparatus  (which  thus  constitutes 
the  panel  of  the  furnace-door)  consists  of  a series  of 
shutters  6,  traversing  in  axes  c,  so  as  to  be  capable  of 
opening  and  shutting,  like  Venetian  blinds.  Behind 
these  movable  valves  or  shutters  is  a series  of  parallel 
plates  fixed  at  a slight  angle,  a second  series  w, 
fixed  at  an  opposite  angle,  and  then  a third  and  wider 
series  of  parallel  plates  o,  which  do  not  incline,  with 
air-spaces  n p between  each  series. 

By  means  of  the  slight  inclination  in  opposite  direc- 
tions given  to  the  first  and  second  series  of  plates  Z,  m, 
the  direct  radiation  of  heat  from  the  fire  outwards  is 
prevented,  although  the  air  has  free  ingress,  and  the  in- 
clination being  at  an  angle  to  the  axis  of  the  line  of 
draught,  has  the  further  effect  of  causing  the  current  of 
air  slightly  to  impinge  upon  the  surface  of  the  plates 
in  its  passage,  by  which  means  the  heat  is  more  eflec- 
tually  extracted. 

So  perfectly  does  the  above  arrangement  of  plates 
and  air  spaces  fulfil  the  object  for  which  it  was  planned,  viz.,  that  of  iso- 
lating the  heat  radiated  against  the  inner  surface  of  the  fire-door,  so  as  to 
confine  it  in  the  interior  and  prevent  its  passage  outwards,  and  thus  insure 
the  whole  being  transferred  to  the  entering  current  of  air  during  the  periods 
at  which  the  valve  is  open  that  after  the  shutters  Imd  been  closed  ten 
minutes,  and  the  innermost  row  of  plates  had  become  red-hot,  a thermo- 
meter, with  its  bulb  in  contact  with  the  face  of  the  shutters,  marked  only 
64:  degrees. 

The  gradual  self-closing  of  the  shutters,  which  constitutes  so  important 
a feature  of  this  invention,  is  managed  as  follows.  Each  shutter  has  at- 
tached to  it  an  arm  cZ,  which  at  its  other  end  is  attached  by  a pin  joint 
to  the  bar  c,  to  which  motion  is  imparted  by  a rod/,  attached  at  its  lower 
end  by  a pin-joint  to  the  bar  c,  and  at  its  upper  end  by  a pin-joint  to  the 
lever  the  gradual  descent  of  which,  in  any  required  time,  is  effected  by 
its  being  connected  with  a piston  ?,  traversing  a water  cylinder  which 
piston,  by  means  of  a suitable  valve,  allows  a free  passage  to  the  water 
from  above  to  below,  but  resists  its  passage  in  the  opposite  direction;  wlien 
the  water  is  forced  by  the  gravity  of  the  lever,  piston,  and  their  aj>- 
pendages,  from  below  to  above,  through  the  narrow  channel  j,  the  size  of 
wdiich,  at  tlie  bottom,  is  adjusted  by  the  screw  so  as  to  regulate  the  time 
of  the  passage  of  the  water,  and  the  consequent  descent  of  the  piston  and 
closure  of  the  shutters,  with  the  greatest  nicety. 

The  first  valve  made  was  tested  from  one  minute  to  twenty  minutes,  and 
j ts  ])erforrnance  found  equally  satisfactory  at  all  stages,  whilst,  in  practice,  a 
range  of  from  four  to  eight  minutes  is  all  that  is  required. 
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The  same  valve,  having  been  fixed  in  a furnace-door  and  adjusted  to  six 
minutes,  after  an  interval  of  eight  weeks  no  perceptible  variation  could  bo 
discovered  in  its  time  of  closing. 

Still  further  to  make  the  steam-engine  automaton  or  self-acting  in  its 
arrangements,  mechanism  has  been  introduced  by  which  the  labour  of  the 
fireman  or  stoker  is  suspended,  and  the  furnace  supplied  with  fuel  in  pro- 
portion as  required.  Numerous  contrivances  have  been  introduced  for 
this  purpose. 
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Asa  conclusion  to  the  present  division  of  our  work,  we  give  drawing’s 
of  a high-pressure  boiler  with  improved  fittings,  for  Avhich  we  are  indebted 
to  the  courtesy  of  Mr.  William  Johnson.  Fig.  G8  is  a longitudinal 


section”  of  boiler,  fig.  G9  a plan,”  and  fig.  70  an  end  elevation.”  The 
boiler  of  which  these  are  drawings,  is  that  adapted  to  tlie  engine  on  the 
double  cylinder  principle,  which  we  have  illustrated  in  figs.  32,  33. 


STEAM  TORTS. 


The  class  of  boilers  of  which  this  is  a good  example,  are  considered  by 
a competent  authority  to  possess  numerous  features  of  economy  and  safety 
in  working ; and,  as  affording  an  example  of  what  a good  high-pressure 
boiler  should  be,  ^ye  give  it  here.  The  length  of  boiler  is  22  feet  by  7 


feet  4 inches  diameter  ; it  has  two  internal  cylindrical  flues,  in  the  entrances 
to  which  are  placed  the  furnaces,  6^  feet  long  by  3 feet  wide.  The  flues 
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are  each  3 feet  in  diameter  for  a length  of  12  feet  from  the  front,  after 
which  they  taper  off  to  2 feet  8 inches,  as  seen  in  the  longitudinal  section 
fig.  68,  and  by  the  dotted  lines  in  the  plan. 

Cylinder -Valves  and  Pistons. — The  steam  is  admitted  to  the  upper  and 
under  sides  of  the  piston  by  means  of  slide-valves  generally,  alrhough  in 
some  cases  lifting  or  puppet  valves  are  used.  Slide-valves  are  of  three 
varieties— the  “three-port  valve,”  the  “long  D valve,”  and  the  “short  i) 
valve.”  Figs.  71,  72,  show  the  arrangement  of  the  “ three-port  valve.” 
In  the  valve-facing  of  the  cylinder,  as  d d,  fig.  71,  three  apertures  are  cut, 
as  ah  c;  that  at  h ends  by  a channel  shown  in  fig.  72  to  the  upper  side  of 
the  cylinder,  that  at  c to  the  lower  side,  and  that  at  a to  the  atmosphere. 
A valve*  casing,  as  represented  by  e e e,  is  secured  to  the  face  of  the  cylin- 
der ; and  into  this  the  steam  is  admitted  by  the  pipe  c c proceeding  from 
the  boiler  ; a valve  h li  slides  on  the  face  of  the  cylinder,  and  is  moved  up 
and  down  by  the  rod  g actuated  by  the  engine  ; the  valve  li  h is  of  suf- 
ficient size  to  cover  two  of  the  ports,  one  of  which  is  always  the  exhaust 
port  a.  In  the  diagram  the  valve  is  so  placed  as  to  be  admitting  the  steam 
from  below  the  piston — this  being  at  the  top  of  cylinder — to  pass  up  by 
the  port  c in  the  direction  of  the  arrows,  and  out  to  the  atmosphere  by  the 
exhaust  port  a a.  As  the  steam  which  fills  the  casing  cannot  "pass  either 
by  a or  c,  as  the  valve  h h covers  both  of  the  apertures,  it  passes  up  the 
channel  h by  the  port  b,  and  presses  on  the  top  of  the  piston.  The  valve 
h h is  therefore  always  so  arranged,  that  when  the  piston  is  at  the  top  of 
its  stroke,  the  valve  will  cover  the  lower  steam-port  c and  the  exhaust  a ; 
while  it  is  at  the  bottom  of  its  stroke,  the  valve  will  then  cover  the  upper 

steam-port  h h and  the  exhaust.  The 
valve-rod  g is  worked  by  an  eccentric, 
as  already  explained  in  the  work  on 
Mechanics  and  Mechanism,  The  valve 
next  to  be  described,  and  known  as  the 
“ long  D valve,”  is  illustrated  by  the 
diagram  in  fig.  73.  The  ports  for 
admitting  steam  to  the  upper  and  under 
sides  of  the  piston  are  situated,  one 
at  top,  as  a,  and  the  other  at  bottom, 
as  h : the  valve  is  semicircular,  as  at 
rn  01^  and  hollow  at  the  back  of  the 
face  m,  which  slides  on  the  cylinder 
facing.  The  valve  is  of  length  suffi- 
cient to  cover  the  bottom  and  top 
ports  a d;  steam  is  admitted  through 
the  pipe  c to  the  hollow  space  p p, 
situated  betweqn  top  and  bottom  faces 
of  slide-valve.  Sup])osing  top  and 
bottom  faces,  as  to  cover  both  ports 
a d,  the  steam  from  the  boiler  enter- 
ing through  the  pipe  c will  not  gain 
admittance  either  through  a or  d;  but 
will  remain  only  in  the  hollow  part 
p p.  But  suppose  the  valve  to  be 
moved  by  the  rod  s Sj  so  that  the  lower  port  is  opened,  and  a communication 
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made  between  it  and  the  condenser  throiigli  the  pipe  at  the  same  time 
the  upper  port  is  opened  and  a communication  made  between  ic  and  tlie 
hollow  space  p p ; tlie  steam  then  enters  above  the  piston,  depressing  it.  By 
means  of  the  eccentric  the  slide-valve  is  moved  in  the  contrary  direction;  the 
upper  port  a is  opened,  and  a communication  made  between  the  upper  side 
of  the  piston  and  the  condenser,  the  steam  passing  down  the  hollow  at  the 
back  of  the  valve,  as  o o;  the  steam  from  the  pipe  c entering  the  cylinder  by 
the  port  cl,  and  the  piston  is  turned  up.  By  this  arrangement  it  will  be  seen 
that  an  immediate  communication  is  made  between  the  condenser  and  under 
side  of  piston  through  the  port  d ; but  the  steam  from  the  upper  side  of  pis- 
ton passing  through  the  port  a,  has  to  come  down  the  channel  along  the  whole 
length  of  valve  before  getting  to  the  condenser  by  the  pipei?.  To  prevent 
the  steam  from  passing  up  or  down  as  the  ports  are  uncovered,  the 
space  between  the  back  of  valve,  as  t,  and  the  inside  of  casing  h h,  is 
packed. 

The  short  D slide,”  which  remains  to  be  described,  consists  of  two 
slide  pieces  a b,  fig.  74,  connected  by  two  rods  c d.  In  some  cases  only  one 
rod  is  used,  in  others  tliree ; the  section  of  this  valve  is  similar  to  that  of 
fig.  73,  or  the  long  D slide.  In  place  of 
having  one  exliaust  passage,  the  short  D 
valve  has  two  separate  exhauster  educ- 
tion-passages fitted  to  allow  of  the  steam  to 
pass  to  the  condenser,  one  at  the  top  of  the 
slide-case,  and  the  other  at  the  bottom.” 

Lifting  or  spindle  valves  are  similar  in 
construction  to  those  used  by  Watt  in  his 
engines.  In  working  large  engines,  from 
the  pressure  of  the  steam  forcing  the 
valve  against  the  working  surfaces,  con- 
siderable difficulty  arises  in  starting  the 
engine ; in  some  instances  a small  engine 
is  employed  to  work  the  slide  on  first  start- 
ing, in  others  the  steam  is  admitted  to  both  sides  of  the  valve.  The 
balance-valve  ” is  sometimes  used  in  marine  engines.  These  are  much 
easier  to  work  than  the  slide-valve.  The  “ equilibrium-valves,”  used  in 
pumping  engines,  consist  ‘‘  substantially  of  a cylinder  open  at  both  ends, 
and  capable  of  being  moved  on  a fixed  piston  wdth  an  upright  stem.  The 
cylinder  stands  over  the  hole  in  the  steam-box,  and  the  piston  prevents  the 
steam  from  passing  through  it ; but  wdien  the  edge  of  the  cylinder  is  raised 
from  the  bottom  of  the  box,  the  steam  then  gains  an  exit,  and  it  is  clear 
that  the  cylinder  can  be  raised  without  any  considerable  exertion  of 
force,  as  it  is  pressed  equally  in  all  directions.  Instead  of  the  rubbing  sur- 
face of  a piston,  however,  two  ground  valve-faces  are  employed  in  prac- 
tice ; and  the  moving  part  of  the  valve  is  not  a perfect  cylinder.” 

In  working  expansively  with  the  slide-valve,  the  steam  is  cut  off  by 
what  is  termed  the  lap  ” of  the  valve.  In  engines  not  working  ex- 
pansively, the  steam  is  allowed  to  enter  the  cylinder  during  its  whole 
stroke ; in  this  case,  the  length  of  the  valve-face  is  just  equal  to  the 
breadth  of  the  steam  - port.  In  working  expansively  the  valve  - face  is 
lengthened,  so  that  when  the  valve  is  at  the  middle  of  its  stroke,  there 
will  be  an  excess  of  width  of  valve-face  over  the  width  of  port.  Thus  in 
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fig.  74,  let  d be  the  upper  and  / the  lower  port  of  a long  D slide  valve ; 
in  the  method  of  allowing  the  steam  to  enter  the  cylinder  during  the  whole 
stroke  of  the  piston,  the  valve-face  Avould  just  be  equal  to  the  breadth  of 
port ; but  where  the  expansive  system  is  adopted,  the  valve-face,  as  above 
stated,  is  lengthened  at  the  parts  ee^  the  dotted  lines  giving  the  portion  aa 
where  no  lap  is  used.  Generally  the  lap  is  given  in  w hat  is  called  the 
‘‘steam  side"’  of  the  port,  that  is  towards  aa\  sometimes,  however,  the 
lap  is  made  on  the  eduction  side  H as  well  as  towards  u u,  shown  by  the 
dotted  lines.  The  effect  of  the  “ lap”  on  the  valve  is  to  cut  off  the  steam 
at  an  earlier  portion  of  the  stroke  than  would  otherwise  be  the  case.  An 
inspection  of  the  diagram  in  fig.  75  will  explain  how  this  is  effected: 
suppose  the  part  u to  be  equal  to  the  face  of  valve  a without  any  “ lap  ” 
to  it — that  is,  equal  to  breadth  of  port  d — when  the  lower  edge  of  valve 
at  u arrived  at  the  upper  edge  of  the  port  d,  the  port  would  be  fully 
open  ; but  if  the  valve  happened  to  be  lengthened  to  an  amount  equal  to 
the  part  c below  the  dotted  line,  the  port  would  in  this  case  be  closed  a 
space  equal  to  width  of  port  c,  instead  of  being  fully  open  if  the  valve- 
face  had  been  equal  to  a.  In  fig.  76  we  give  a diagram  showing  the  lap 


of  a locomotive,  or  three  ported  slide  : a h the  steam  ports,  c the  exhaust; 
the  lap  is  towards  the  steam  side  of  the  valves,  as  e e.  In  w'orking 
engines,  it  is  considered  to  promote  their  efficiency  by  giving  what  is 
called  “ lead  ” to  the  valve ; this  is  done  by  making  the  port  open  a 
little  before  the  termination  of  the  foregoing  stroke ; thus,  suppose  the 
piston  just  about  to  terminate  the  up-stroke,  the  upper  port  is  opened  a 
little,  thus  admitting  steam  before  the  other  stroke  is  quite  finished,  and  ^ 
in  consequence  of  the  lap  in  the  valve  the  exhaust  port  is  opened  sooner ; 
so  that  by  the  time  the  piston  begins  its  down-stroke,  the  steam  from 
below  the  piston  is  escaping  freely.  If  this  arrangement  was  not  adopted, 
we  can  easily  conceive  of  the  engine  in  its  down-stroke  having  to  press 
against  the  steam  below  the  piston,  which  would  got  slowly  out,  inasmuch 
as  the  valve  opens  but  slowly  at  the  beginning  of  its  stroke.  To  have 
the  full  perfection  of  working  in  the  cylinder,  the  escape  or  release  of  the 
steam  should  be  instantaneous  if  possible ; the  less  steam  the  piston  has 
to  encounter  in  its  motion  either  up  or  down  the  cylinder  the  better.  By 
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the  arrangement  of  the  valves  now  described,  the  ‘Map  ” and  the  “ lead,” 
the  speed  of  locomotives  has  been  much  increased. 

To  obtain  the  full  efficiency  of  the  expansive  method  of  working,  it  is 
considered  best  to  have  the  cut-olF  instantaneously  effected — this  the  slide- 
valve  cannot  do  : at  the  beginningof  the  throw  of  the  eccentric  the  motion 
is  slow,  and  is  gradually  accelerated ; the  valve  is,  therefore,  both  opened 
and  closed  slo\My.  In  some  cases,  therefore,  expansion-valves  and  gearing 
are  adopted.  One  species  of  expansion-valve  is  identical  in  principle  and 
construction  with  the  “throttle-valve  f another  form  is  shown  in  fig,  77, 
it  is  a species  of  double-beat  valve  ; when 
this  is  raised,  the  steam  from  the  boiler 
passing  down  d goes  past  the  upper  and 
lower  valves  h c,  and  through  e to  the  cylin- 
der. The  supply  of  steam  from  the  boiler 
to  the  pipe  d is  regulated  by  the  ordinary 
throttle-valve ; the  upper  valve  6 is  made 
somewhat  larger  than  the  lower  c ; by  this 
arrangement  the  pressure  is  greater  on  the 
upper  valve,  and  tends  to  keep  it  in  its 
seat ; it  will  be  observed  that  little  opening 
of  this  valve  will  admit  a large  supply  of 
steam,  and  that  it  is  easily  worked.  The 
expansion  - valve  is  worked  by  a series  of 
levers  and  a cam.  In  p.  81,  fig.  156,  Mechanics  and  Mechanism^  a diagram 
is  given  explaining  how  the  revolution  of  a cam  gives  a reciprocating 
motion  to  the  rod  g ; now  suppose  this  rod  to  be  connected  with  the 
expansion- valve,  in  such  a way  that  it  can  lift  it  and  depress  it  at  intervals, 
and  that  these  intervals  are  so  timed  as  to  close  the  expansion-valve  at  the 
exact  period  when  the  cut-off  is  to  be  effected,  the  system  of  expansive- 
working,  with  an  instantaneous  cut-off,  will  be  carried  out.  It  only  re- 
mains for  us  to  describe  how  the  rod  g is  actuated  on  at  the  intervals 
required.  Suppose  the  pulley  c attached  to  the  end  of  the  lever  a,  fig.  153, 
Mechanics  and  Mechanism,  p.  81,  to  be  in  contact  with  the  circular  part  a 
of  the  cam  ; it  is  obvious  that  no  motion  of  a reciprocating  kind  would 
result.  But  supposing  the  circular  part  to  be  only  continued  for  a certain 
distance  of  its  circumference,  and  that  at  one  part  the  face  of  a swells 
abruptly  out,  when  the  pulley  c came  in  contact  with  this  portion  it  would 
be  forced  out,  and  the  lever  with  which  it  is  connected  would  have  a 
reciprocating  motion  ; this  would  act  on  the  expansion-valve  and  raise  it, 
admitting  a certain  portion  of  steam  to  "work  the  piston.  As  soon,  how- 
ever, as  the  swelled  portion  of  the  cam,  by  its  revolution,  passed  the  line 
of  the  pulley  c,  the  lever  would  be  put  into  another  position,  and  the 
valve  would  be  instantly  closed,  thus  etfecting  the  cut-off.  By  having 
along  the  face  or  breadth  of  the  cam  a variety  of  swells  or  projections, 
and  by  mechanism  by  which  the  pulley  can  be  brought  in  contact  with  one 
or  other  of  these  “ steps  ’’  or  “ grades  ” as  tliey  are  termed,  any  amount 
of  expansion  can  be  effected.  The  steps  are  so  arranged  as  to  cut  off  the 
steam  at  a certain  period  of  the  stroke  ; and  thus  the  engineer  can  com- 
mand any  degree  of  expansion  required,  by  making  the  desired  step  come 
in  contact  with  the  pulley : this  is  done  by  means  of  a screw.  The  pulley 
can  also  be  disconnected  from  the  cam. 
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In  a form  of  expansion-valve  adopted  in  locomotives,  a supplementary 
ralve  to  effect  the  cut-off  is  placed  above  the  ordinary  three-ported  slide 
/n  some  cases  the  expansion-valve  is  worked  by  the  governor  acting  on  the 
cam,  as  in  Maudsley’s  and  Whitelaw’s  engines. 

The  piston-rod,  in  moving  up  and  down  through  the 
eylinder-cover,  is  kept  steam-tight  by  what  is  called  a 
‘‘  stuffing-box.’^  This  is  shown  in  fig.  78 : a a is  part 
of  the  cylinder-cover  ; a cylindrical  hollow  cup  or  box  is 
cast  on  this  of  a much  larger  diameter  than  the  piston- 
rod  h b;  this  is  curved  inwards,  as  shown  in  the  diagram  ; 
the  aperture  in  the  cylinder-cover  is  a little  larger  than 
the  piston-rod,  to  admit  of  its  easy  working ; packing, 
composed  of  plaited  hemp,  is  wound  tightly  round  the 
piston-rod  h h,  at  the  part  e e;  the  stuffing-box  ‘‘  cover  ” n n is  placed 
above  this  packing,  and  screwed  tightly  down  by  the  screws. 

The  piston,  as  originally  made  by  Watt,  was  kept  tight  by  hempen 
packing  ; metallic  pistons  are  now  almost  universally  used.  That  known 
as  Goodfellow’s  is  extensively  used  in  Lancashire.  In  fig.  79  we  give  a 
transverse  section  of  this : a a is  the  body  of  the  piston,  with  shoulder 
turned  on 't  at  e\  an  annular  ring  o is  placed  loosely  round  the  piston  ; 


a plan  of  this  ring  is  shown  in  fig.  SO  ; this  is  turned  eccentrically,  and 
worked  on  its  edge ; this  gives  a uniformity  of  action  to  the  whole  circum- 
ference : its  upper  and  lower  edges  are  bevilled,  as  shown  in  fig.  82  ; 
these  bevils  bear  or  press  against  other  rings  n n,  the  interior  of  which  arc 
similarly  bevilled,  as  shown  in  fig.  81.  The  outer  springs  n n are  accurately 

I 

£g.  81.  fig.  82. 

ground  to  the  upper  and  lower  plates  m and  c,  and  the  whole  secured  by 
the  screw-bolts  as  shown.  The  outer  rings  n n are  kept  pressed  against 
the  cylinder  by  the  action  of  the  internal  ring  o o lying  loosely  on  the 
plate  c.  These  diagrams  will  sufficiently  explain  the  peculiarity  of  a 
metallic  piston  ; for  notices  and  illustrations  of  other  varieties  we  must 
refer  the  reader  to  other  and  larger  works. 

Mr.  Siemans,  of  Birmingham,  an  engineer  well  known  for  his  ingenious 
inventions,  has  recently  introduced  a form  of  condenser  highly  spoken  ofi 
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and  known  as  tlie  llegencrative  Condenser.”  At  a meeting  of  the 
Institution  of  Mechanical  Engineers,  Mr.  Siemans  stated  that  the  origin  of 
this  condenser  was  a suggestion  to  the  author,  by  Mr.  Graham  of  Mayfield 
Works,  to  recover  the  heat  from  the  condensing  in  the  form  of  a reduced 
amount  of  boiling  hot  water.”  It  consists  of  an  upright  rectangular 
trunk  a,  of  cast-iron,  the  lower  end  of  Avhich  is  cylindrical,  and  contains  a 
working  piston  h,  which  performs  two  strokes  for  each  one  of  the  engine. 
In  the  trunk  is  a set  of  copper  plates  c,  upright  and  parallel  to  each  other; 
the  intervening  spaces  being  the  same  as  the  thickness  of  the  plates,  viz., 
between  y^th  and  yVth  of  an  inch. 

The  upper  extremity  of  the  condenser,  fig.  83, 
communicates  on  the  side  d,  to  the  exhaust-port 
of  the  engine ; and  on  the  other,  through  a valve 
to  the  hot  well.  The  plates  are  fastened  together 
by  five  or  more  thin  bolts,  with  small  distance 
Avashers  between  each  plate.  There  is  a lid  at 
the  top  of  the  trunk,  by  removing  Avhich  the  set 
of  plates  can  be  lifted  out.  Immediately  below 
the  plates  the  injection-pipe  enters. 

The  action  of  the  condenser  is  as  follows: 

Motion  is  given  to  the  piston.  At  the  moment  that 
the  exhaust-port  of  the  engine  opens,  the  plates  are 
completely  immersed  in  Avater ; a little  of  Avhich 
has  entered  the  passage  above  the  plates,  and  is,  33 

together  Avith  the  air  present,  carried  off  by  the 

rush  of  steam  into  the  hot  Avell,  the  excess  of  steam  escaping  into  the 
atmosphere.  The  Avater  then,  in  consequence  of  the  downward  motion  of 
the  piston,  recedes  betAveen  the  plates,  exposing  them  gradually  to  the 
steam,  Avhich  condenses  on  them.  Their  upper  edges,  emerging  first  from 
the  receding  Avater,  are  surrounded  by  steam  of  atmospheric  pressure,  and 
become  rapidly  heated  to  about  210‘^.  The  immersion  of  the  plates  still 
continuing,  the  steam  is  constantly  brought  into  contact  Avith  fresh  cool 
surface,  by  Avhich  the  greater  portion  of  it  is  condensed ; until,  as  the 
piston  descends,  the  injection  enters,  and  completes  the  vacuum.  This  is 
done  by  the  time  the  working  of  the  piston  of  the  engine  has  accomplished 
one-seventh  of  its  stroke.  The  upper  extremities  of  the  plates  become 
heated  to  near  210°,  and  the  lower  to  about  160°. 

Taking  the  initial  temperature  of  the  condensing  water  at  60°,  the 
final  temperature  at  210°,  the  latent  heat  of  steam  at  212°  960  units,  the 
quantity  of  AAMter  required  is  6*6  lbs.  to  condense  1 lb.  of  steam  of 
atmospheric  pressure.  The  common  injection  condenser  (supposing  the 
temperature  of  the  condensed  steam  to  be  110°)  requires  21*2  lbs.  in  place 
of  6*6  lbs. 

In  fig.  84  Ave  give  a drawing  of  the  ordinary  vacuum  gauge,  used  in 
connection  with  condensers  in  order  to  ascertain  the  degree  of  vacuum 
attained.  The  mercury  is  contained  in  a cast-iron  cup  open  to  the  atmo- 
sphere ; in  this  is  placed  a glass  tube,  open  at  the  lower  end  and  closed  at 
its  upper.  A small  iron  tube  is  provided  Avith  a stop-cock,  and  connected 
with  the  condenser ; this  tube  passes  through  the  mercury  in  the  cup,  and 
up  the  interior  of  the  tube  near  to  its  top.  The  air  is  exhausted  from  the 
glass  tube  through  the  iron  tube  connected  Avith  the  condenser,  as  the 
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mercury  rises  in  the  glass  tube  in  proportion  to  the  difference  between 
tlie  pressure  of  the  imcondensed  vapour  in  the  condenser  and  the  pressure 
of  the  atmosphere.  To  show  the  higher  vacuums  of  29  and  30,  the  height 
of  this  gauge  must  be  nearly  three  feet.  To  obviate  the  inconvenience 
attending  this  form  of  gauge,  the  short  vacuum  gauge  is  used,  as  in  fig.  8d. 
A small  glass  tube  contains  the  mercury,  and  is  filled  carefully  as  an 
ordinary  barometer : it  is  bent  upwards  at  the  bottom,  and  ends  in  a bulb, 
which  is  provided  wdth  a small  orifice  at  the  upper  side.  The  tube  is 
attached  to  a scale,  and  entirely  inclosed  in  a ^lass  case,  which  is  carefully 
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-cemented  to  a brass  cup,  terminating  in  a stop-cock  and  pipe  connected 
with  the  condenser.  The  air  in  the  interior  of  the  glass-case  is  always  of 
the  same  density  as  in  the  condenser.  In  the  long  vacuum  gauge,  in  fig. 
84,  the  mercury  is  driven  frequently  out  of  the  cup,  if  the  stop-cock  is  left 
open  while  blowing  through  previous  to  starting.  The  short  vacuum 
guage,  although  possessed  of  many  advantages,  as  shortness  and  compact- 
ness, has  also  disadvantages ; these  are,  first,  the  vapour  from  the  condenser 
deposits  frequently  a mist  in  the  glass  case  so  dense  as  to  obscure  the 
scale;  and  secondly,  if  the  stop-cock  is  not  shut  while  blowing  through, 
the  case  becomes  filled  with  steam  or  with  hot  water ; and  its  safety  is 
thereby  endangered.  To  obviate  these  inconveniences,  Mr.  Bramwell,  of 
London,  has  designed  an  improved  vacuum  gauge,  which  he  described 
before  the  Institution  of  INIechanical  Engineers. 

In  the  companion  volume  to  this  treatise.  Mechanics  and  Mechanismy 
we  have  described  pretty  fully  the  details  of  construction  of  the  various 
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parts  of  steam-engines,  as  connecting-rods,  cranks,  &c.,  and  the  method  of 
putting  the  various  parts  togetlier  ; we  proceed,  therefore,  to  the  con- 
sideration of  other  matters  worthy  of  notice. 

In  cotton-mills,  and  in  cases  where  the  engine  is  loaded  to  a certain 
extent,  accidents  frequently  occur  by  parts  of  the  machinery  breaking  down. 
The  engine,  thus  relieved  of  a certain  part  of  its  load,  runs  away,’’  as  it 
• is  termed,  at  a greatly  increased  speed,  endangering  the  stability  of  the 
whole  apparatus.  The  ordinary  mechanism  of  the  throttle-valve  and  gover- 
j nor  is  not  found  capable  of  making  the  engine  recover  its  usual  speed.  An 
ingenious  contrivance,  highly  esteemed,  is  given  in  the  following  diagram, 
fig.  86.  The  main  object  of  this  invention  is  to  prevent  damage  by  the 
accidental  alteration  of  load,  and  to  regulate  the  speed  of  steam-engines. 
It  is  intended  to  supersede  the  common  throttle-valve,  and  prevent  variation 
of  speed  and  the  many  breakages  arising  from  accidental  alterations  of 
weight.  The  valves  can  readily  be  connected  with  ordinary  governors ; 
and  when  attached,  are  so  sensitive,  that  should  a shaft  break,  or  any 
weight  be  suddenly  thrown  on  or  otf^  the  engine  will  recover  its  usual 
speed  in  less  than  two  revolutions,  without  any  interference  by  the 
engineer.  This  will  be  obvious,  when  it  is  considered  tliat  there  are  two 
valves  fitted  to  the  same  spindle ; and  consequently,  that  each  of  them  need 
be  opened  to  only  one  half  the  extent,  as  if  there  were  one  valve.  The 
result  is,  a throttle-valve  of  extreme  sensibility,  half  an  inch  being  the 
utmost  amount  of  play  allowed  to  the  spindle  between  wide  open  and  quite 
shut ; therefore,  a very  slight  change  in  the  position  of  the  governor-balls 
produces  considerable  change  in  the  amount  of  opening  afforded  by  the 
valves. 

The  governor  is  connected  with  the  valve-spindle  by  a fork,  in  tlie 
usual  manner,  which,  by  means  of  a crank-lever,  gives  a slight  motion  on 
its  axis  to  a bar,  provided  at  the  other  end  with  another  crank-lever  con- 
nected with  the  valve-spindle.  It  may  be  attached  to  all  ordinary  gover- 
nors. In  the  case  of  two  fifty-horse  engines  coupled  together  in  Sir  C. 
Armitage’s  mill,  at  Pendleton,  near  Manchester,  the  result  of  a trial  by 
throwinjE  off  the  whol^  weight  was  the  recovery  of  the  usual  speed  in 
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revolutions.  The  load  on  these  two  engines  consisted  of  20,000  throstle- 
spindles,  13,000  mule-spindles,  and  250  power-looms,  with  all  the  neces- 
sary apparatus  for  working  the  mill. 

In  fig.  86  we  give  a diagram  illustrative  of  this  apparatus,  so  capable  of 
instantaneously  regulating  the  performance  of  engines,  a is  tlie  steam  pipe 
from  boiler,  c c the  double-beat  valve  ; when  this  is  raised  by  the  lever  actu- 


ated on  by  the  lever  d of  the  connecting-rod,  the  steam  passes  from  a in 
the  direction  of  the  arrows  to  the  steam  delivery-pipe  h. 

The  hydraulic  motion  regu- 
lator’^ is  an  American  invention, 
recently  introduced  into  this 
country,  and  which  has  already 
taken  a high  place  as  an  effective 
governor  for  steam-engines  ; we 
give  a diagram  and  description  of 
this  apparatus,  taken  from  the 
inventor's  circular  (Mr.  Pitcher). 
The  principle  of  the  invention 
consists  in  w^orking  a small  pump, 
the  w^ater  delivered  by  which  acts 
in  the  plunger  of  a second  cylinder 
or  barrel  : the  water  from  the 
pump  escapes  through  an  aperture 
of  a certain  area ; this  is  calculated 
so  as  to  maintain  the  plunger  at  a 
certain  height  in  the  cylinder. 
Should,  however,  the  speed  of  the 
engine  increase  beyond  its  regular 
working  speed,  the  pump  is  in 
consequenoe  worked  faster,  and  a 
greater  quantity  of  water  delivere  J 
to  the  plunger  cylinder : but  the 
aperture  for  its  escape  remaining 
unchanged,  it  cannot  get  away,  it 
therefore  fills  the  cylinder  to  a 
higlier  level  ; this  raises  the 
plunger,  which,  connected  with 
the  regulating-valv'e  or  throttle- 
valve,  lessens  the  supply  of  steam 
to  the  cylinder  and  reduces  the 
speed.  The  pump  is  worked  by 
the  engine  by  any  of  the  ordinary 
methods  of  connection.  In  fig.  87, 
e is  the  pump  worked  by  the  engine; 
c the  suction-valve,  through  which 
the  sii])ply  of  water  is  obtained  ; 
h the  deli  very- valve,  supplying  the 
cylinder/.  To  prevent  the  plunger 
from  rising  higher  than  necessary, 
a small  hole  g is  made  in  the 
cylinder ; when  the  plunger  rises  above  this  the  water  escapes  by  it,  and 
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tlie  plunger  rises  no  higher.  The  piston-rods  pass  through  the  bonnet  or 
cover  of  the  external  casing  cups  i k are  used  to  return  any  water  that 
may  be  drawn  up  through  the  stuffing-boxes ; the  piston-rods  are  thus 
lubricated,  or  made  to  work  smoothly,  with  water  surrounding  them.  The 
whole  apparatus  is  inclosed  in  the  casing  yy;  so  that  the  same  water  is 
used  over  and  over  again.  A spring  is  coiled  round  the  piston-rod  of 
plunger  / at  z;  this  prevents  its  falling  furtlier  than  necessary.  The 
opening  by  wdiich  the  water  ordinarily  escapes  is  made  just  above  the 
deli  very- valve  h ; and  the  amount  of  opening  is  regulated  by  a handle  or 
lever  which  passes  through  the  cover  li,  according  to  the  speed  at  which 
the  engine  is  desired  to  run.  In  place  of  the  ordinary  throttle-valv^e,  the 
inventor  prefers  to  use  a regulating-valve  similar  in  principle  to  the  disc- 
valve  employed  as  the  regulator'^  in  locomotive  engines. 

In  calculating  the  power  of  steam-engines,  there  are  two  terms  used — 
the  nominal  power,’’  and  the  actual  or  etfective  power.”  By  the  term 
‘‘  nominal  power,”  reference  is  made  to  an  engine  having  a cylinder  of 
given  length  of  stroke,  and  a uniform  pressure  upon  the  piston  of  7 lbs. 
per  inch.  Watt  calculated  the  effective  pressure  on  the  piston  in  small 
engines  at  6*8  lbs.  per  inch,  and  in  large — as  100  horse-power — at  6*94 ; 
7 lbs.,  however,  is  the  effective  pressure  calculated.  By  the  term  actual  ” 
power,  is  meant  the  number  of  times  33,000  lbs.  the  engine  is  capable  of 
lifting  I foot  high  per  minute.  By  the  term  ‘‘duty”  of  an  engine,  is 
meant  the  amount  of  work  done  in  relation  to  the  amount  of  fuel 
consumed. 

In  calculating  the  nominal  horse-power  of  an  engine,  the  following 
rule  is  adopted  : “ Square  the  diameter  of  the  cylinder,  and  multiply  the 
number  of  square  inclies  thus  found  by  the  cube-root  of  the  length  of  the 
stroke  in  feet,  and  divide  the  product  by  47 ; the  quotient  is  the  number 
of  nominal  horse-power  of  the  engine.” 

By  the  term  “ horse-power,”  as  introduced  by  Watt,  was  meant  the 
mechanical  force  necessary  to  lift  33,000  lbs.  1 foot  high  per  minute. 
Prior  to  the  introduction  of  steam-engines,  the  work  at  mines,  &c.,  was  done 
with  horse-power ; it  became,  then,  of  importance  to  be  able  to  state  the 
amount  of  work  done  by  a steam-engine,  as  compared  with  a given  number 
of  horses.  Engines  now,  however,  calculated  at  the  above  rate,  really 
exert  a greater  power  than  the  nominal  power ; it  is,  therefore,  of  im- 
j)ortance  to  be  able  to  calculate  the  “ effective  ” or  “ actual  ” of  an  engine, 
without  reference  to  its  “nominal”  power.  This  is  done  by  means  of  the 
“ indicator,”  which  gives  the  effective  pressure  on  the  cylinder  of  the 
engine  ; from  this  is  deducted  a pound  and  a half  of  pressure  absorbed  in 
friction,  &c. ; the  velocity  of  the  motion  of  the  piston  in  feet  per  minute 
is  ascertained  by  multiplying  the  number  of  revolutions  of  the  engine  per 
minute  by  the  length  of  stroke.  These  data  having  been  obtained,  the 
following  rule  gives  the  effective  power  of  the  engine : “ Multiply  the  area 
of  the  piston  in  square  inches  by  the  effective  pressure  (below),  and  by  the 
motion  of  the  piston  in  feet  per  minute,  and  divide  this  by  33,000  ; the 
quotient  is  the  actual  number  of  horse-power.”  For  each  horse-power  of 
an  engine  it  is  calculated  that  33  cubic  feet  of  steam  is  expended  per 
minute,  or  an  evaporation  of  1 cubic  foot  of  water  per  hour.  The  com- 
bustion of  1 lb.  of  coal  is  calculated  to  raise  6 or  8 lbs.  of  water  into  steam; 
Watt  reckoned  7|-  lbs.  of  water  to  be  evaporated  by  the  combustion  of  1 lb. 
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of  coal.  In  tlie  modern  Cornish  engines,  the  same  quantity  , of  fuel 
evaporates  10  lbs.  of  water.  Land  engines  are  generally  calculated  to 
consume  10  lbs.  of  fuel  per  hour  for  every  nominal  horse-power,  or  5 or 
G lbs.  for  each  actual  horse-power.  In  the  Cornish  engines  the  duty  of  an 
engine  is  expressed  by  the  number  of  millions  of  pounds  raised  one  foot 
high  by  a bushel,  or  94  lbs.  of  Welsh  coal a bushel  of  Newcastle  coal 
will  only  weigh  84  lbs.  ; and,  in  comparing  the  duty  of  a Cornish  engine 
with  the  performance  of  an  engine  in  some  locality  where  a different 
quality  of  coal  is  used,  it  is  necessary  to  pay  regard  to  such  variations.'^ 
In  the  engine  at  Long  Benton  Colliery,  erected  by  Smeaton,  the  duty 
performed  was  equal  to  9*45  millions  of  pounds,  raised  1 foot  high  by  the 
consumption  of  1 bushel  of  Newcastle  coal.  In  the  present  time,  what 
with  improved  engines  and  boilers,  and  the  extensive  adoption  of  the 
principle  of  expansive  working,  the  duty  of  Cornish  engines  is  estimated 
at  60,000,000  lbs. ; and  in  some  instances  a duty  has  been  obtained  equal 
to  the  large  amount  of  100,000,000  lbs.  raised  1 foot  by  the  consumption 
of  94  lbs.  of  fuel.  For  much  valuable  ])ractical  information  on  the  power 
of  engines,  the  heating  surface  for  each  horse-power,  &c.  &c.  we  refer  the 
reader  to  Bourne's  Catechism  of  the  Steam-Engine, 

To  conclude  the  present  division,  we  give  a 
description  and  diagrams  of  the  important  instrument, 
the  “ indicator,”  so  necessary  in  computing  the 
effective  power  of  steam-engines.  A small  cylinder, 
as  a,  fig.  88,  is  placed  in  connection  with  the  interior 
of  the  cvlinder,  either  above  or  below  the  piston, — 
generally  it  is  screwed  into  the  aperture  made  in  the 
cylinder-cover;  a stoj)-cock  is  placed  in  the  pipe  6, 
by  which  the  connection  between  the  interior  of 
steam-engine  cylinder  and  that  of  the  indicator  can 
be  closed  or  opened  as  required.  Into  the  cylinder  a 
a piston  works  ; within  the  interior  of  the  rod  c of 
tliis,  which  is  made  hollow  on  purpose,  a spiral  spring 
is  placed  ; the  lower  end  of  this  is  fixed  to  the  piston, 
and  the  upper  to  a small  cross-head  e,  supported  by 
side-rods,  connected  with  the  cylinder  a a.  To  the 
top  of  the  piston-rod  a pencil  f g is  attached ; the 
])oint  of  the  pencil  works  in  contact  with  a slip  of 
]>aper  wrapped  round  the  small  cylinder  /i,  and  kept 
in  contact  with  it  by  the  vertical  strip  of  brass  i i, 
on  which  is  marked  a scale.  The  axis  of  this  cylinder 
h is  continued  downwards,  and  provided  with  a 
pulley  k.  This  pulley  is  connected  with  the  parallel 
motion,  or  other  reciprocating  part  of  the  engine,  by  which  motion  is  given 
to  it,  causing  it  to  revolve  only  in  one  direction  : the  cylinder  h makes  its 
return  motion  to  its  original  position  by  a spring  coiled  up  in  the  bottom 
near  s s;  the  direction  of  the  cord,  after  leaving  the  pulley,  is  changed  by 
a guide-pulley  not  shown  in  our  diagram.  The  efl'ect  of  the  two  motions, 
namely,  the  up  and  down  motion  of  the  piston,  and  the  revolution  of  the 
cylinder  h,  is  to  cause  the  pencil  g to  describe  a curve,  varying  in  its 
outline.  Before  the  connection  is  made  between  the  interior  of  cylinder 
a a and  the  steam-engine  cylinder^  what  is  called  the  atmospheric  line  is 
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drawn  on  the  paper ; this  is  effected  by  pulling  the  cord,  or  allowing  the 
engine  to  act  on  the  pulley.  The  cock  at  the  pipe  b is  then  opened,  wlien 
tiie  piston  is  at  the  top  of  its  stroke  : the  steam  acting  on  the  cylinder 
(steam-engine)  piston  acts  also  on  that  of  the  indicator;  this  will  therefore 
rise,  and  with  it  the  pencil,  which  is  made  to  press  slightly  on  the  surface 
of  the  paper  by  a small  spring;  at  the  same  time  the  roller  or  cylinder 
revolves.  A line  is  thus  traced  on  the  paper,  which  rises  higher  up  on  the 
cylinder  as  the  pressure  of  the  steam  increases,  and  comes  lower  upon  it  as 
the  steam-pressure  subsides.” 

The  method  of  ascertaining  the  pressure  on  the  piston  of  the  engine, 
from  the  diagram  thus  obtained,  is  very  simple,  and  will  be  easily  under- 
stood by  reference  to  tig.  89.  Suppose 


abed  to  be  the  slip  of  paper  on  which  the 
indicator  diagram  has  been  taken,  and  e f 
the  atmospheric  line,  the  divisions  at  the 
ends,  as  at  b 6*,  correspond  to  the  divisions 
of  the  scale  % on  the  indicator,  fig.  88. 

Divide  the  length  of  the  diagram  into  any 
number  of  equal  divisions,  and  througli 
these  draw  lines  at  right  angles  to  the 
atmospheric  line  ^/;  measure  the  lengths 
of  the  spaces  thus  formed  by  the  intersection  of  the  diagram  with  the  lines, 
as  the  length  from  m to  n,  and  from  r to  and  so  on  (the  measurements 
must. be  taken  from  a scale  corresponding  to  that  in  the  indicator-scale), 
and  all  the  lengths  together ; divide  this  by  the  number  of  spaces,  and  the 
quotient  is  the  mean  effective  pressure  on  the  piston  in  pounds  per  square 
inch.  We  have  already  described  the  rule  for  calculating  the  effective 
jmessure  of  the  engine.  The  indicator  is  not  only  useful  to  ascertain  the 
amount  of  power  exerted  by  tlve  Sttokes  of  a steam-engine,  but  it  serves 
also  to  point  out  particular  defects  in  the  working.  Thus  the  nearer  the 
diagram  attains  to  the  form  of  a pai-allelograin,  the  more  perfect  is  the 
working  of  the  engine.  Where  certain  deviations  from  the  square  at 
the  corners  are  indicated  on  the  diagram,  certain  defects  are  made  known. 

For  full  information  on  the  practical  working  of  the  indicator,  and  the 
method  of  ascertaining  the  defects,  as  indicated  by  the  diagram  obtained 
by  it,  we  must  refer  the  reader  to  other  and  more  practical  works — as  the 
Indicator  and  Dynamometer,  by  Professor  Main  and  D.  Brown  ; published 
by  Hebert,  Cheapside. 
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CHAPTER  lY. 

ROTATORY  ENGINES  AND  OTHER  VARIETIES. 

To  obtain  a rotatory  motion  by  the  direct  action  of  the  steam,  without 
involving  the  use  of  motion,  as  in  the  piston-rod  of  a cylinder  engine,  has 
long  been  a favourite  problem  with  many  mechanics,  from  the  supposition 
that  the  various  parts  of  an  ordinary  engine,  as  the  piston,  beam,  con- 
necting-rod, and  crank,  were  not  merely  inconvenient,  but  acted  as  counter- 
acting agencies  to  the  full  development  of  the  power  of  the  engine.  Nume- 
rous attempts  have  therefore  been  made  to  substitute  an  engine  in  which 
tlie  main  shaft  received  motion  directly  from  the  action  of  the  steam.  The 
advocates  of  the  rotatory  class  of  engines,  assume  a loss  of  power  by  the 
use  of  the  crank.  This  opinion  arises  from  a misconception  of  the  prin- 
ciples of  its  action.  There  is  no  doubt  that  an  efficient  rotatory  engine 
would  be  highly  useful  for  certain  applications,  as  to  drive  a screw-propeller, 
where  direct  action  is  required ; and  a great  saving  of  space  and  material 
would  also  be  effected ; but  so  far  as  the  assumed  gain  of  power  which 
would  result  from  its  introduction  is  concerned,  it  may  be  taken  as  a 
general  truth,  supported  by  the  best  mechanical  authority,  that  no  advan- 
vantage  of  this  kind  would  be  possessed  by  it  over  the  ordinary  kind.  The 
great  desideratum  indeed  now  hoped  for,  by  the  introduction  of  a rotatory 
engine  among  well-informed  mechanics  who  devote  their  time  to  its  attain- 
ment, is  not  a gain  of  power,  but  only  a simpler  and  more  convenient  mode 
of  applying  it.  ‘^Siich  a gain,’’  says  the  reporter  to  the  jury,  section  A. 
class  V.  Great  Exhibition,  ‘‘  might  indeed  result  from  a freer  access  of  the 
steam  to  the  piston,  from  a diminution  of  the  friction  or  the  jar  of  the 
working  parts,  or  from  a more  complete  expansion ; but,  thanks  to  the  more 
general  diffusion  of  information  in  mechanics,  practical  men  now  know  that 
there  is  no  more  possibility  of  increasing  the  work  of  an  engine  by  merely 
altering  the  direction  of  any  of  its  working  parts,  than  there  is  of  increasing 
the  quantity  of  water  which  a reservoir  will  supply,  by  varying  the  pipes 
which  serve  to  distribute  it.” 

Although  eminent  authorities  on  engineering  matters  have  expressed 
opinions  inimical  to  the  idea  that  a good  rotatory  engine  will  be  introduced 
to  supersede  the  reciprocating  engine ; still  it  is  right  to  state  that  others, 
perhaps  of  equal  standing,  hold  the  contrary.  The  result,  however,  of  the 
various  discussions  entered  into  on  the  point,  seems  to  be  that,  if  the  en- 
gines can  be  kept  tight,  and  the  uniformity  of  wear  in  the  packing  effected, 
the  great  difficulty  attendant  on  bringing  them  into  practical  operation  will 
have  been  obviated.  That  this  difficulty  is  one  of  no  ordinary  kind,  may 
be  gathered  from  the  statement  of  one  of  our  practical  engineers,  that  “he 
would  as  soon  think  of  inventing  perpetual  motion,  as  of  overcoming  it.” 

We  now  proceed  to  illustrate  the  principle  of  a few  of  the  most 
celebrated  engines  of  this  class  yet  introduced. 

Rotatory  engines  are  of  several  kinds  ; the  -^loipile  of  Hero,  already 
described,  is  an  engine  of  the  reaction  species.  A modern  modification  of 
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this  is  exemplified  in  Avery's  engine,  introduced  by  Ruth  von  of  Edinburgli, 
and  to  which,  at  one  time,  considerable  attention  was  attracted. 

This  engine  consists  of  two  hollow  arms  a h,  fig.  90,  attached  to  a 
central  pipe  c,  which  revolves  on  its  axis,  and  gives  motion  to  the  pulley  c, 
from  which  the  power  is  distributed  as  required  by  a belt ; at  opposite 
sides  of  the  extremities  of  the  pipes  or  arms  a b,  apertures  are  made, 
and  the  steam  issuing  from  these  in  contrary  directions,  as  in  Hero’s, 
cause  the  arms  to  revolve  with  great  rapidity : steam  is  admitted  to  the 
firms  through  the  pipe  d.  The  arms  are  inclosed  in  a case  //;  and  the 
steam,  after  working,  is  let  ofi‘  to  the  atmosphere  by  a pipe  communicating 
with  the  bottom  of  the  case  //.  The  cold-water  pump  is  worked  by  an 
eccentric  on  the  horizontal  shaft.  Although  several  engines  of  this  class 
have  been  introduced,  and,  according  to  the  patentee,  wdth  marked  success, 
as  simple  and  economical,  yet  their  number  is  by  no  means  increasing. 
One  great  objection  to  it  is  the  high  pressure  of  the  steam  employed,  and 
the  limit  to  the  power  of  the  engine  set  by  the  difficulty  of  increasing  the 
length  of  the  arms  ah,  so  as  to  obtain  increase  of  power;  the  amazing 
velocity  at  which  the  arms  revolve,  3,000  and  4,000  times  per  minute, 
makes  it  also  liable  to  speedy  disarrangement  of  parts. 


Rotatory  engines  are  sometimes  made  on  tlie  impulse  principle,  as 
exemplified  in  Branca’s  steam-wheel,  already  noticed. 

The  next  class  of  rotatory  engine  to  which  we  will  direct  the  reader's 
attention,  is  that  in  which  the  piston  is  made  to  revolve  round  its  axis. 
In  the  patent  granted  to  Watt  in  1769,  he  included  a claim  for  a rotatory 
engine ; and,  from  his  own  statement,  it  appears  that  a steam-wheel  moved 
by  force  of  steam,  acting  in  a circular  channel  against  a valve  on  one  side, 
and  against  a column  of  mercury  or  other  fluid  metal  on  the  other  side, 
was  executed  at  Soho  upon  a scale  of  six  feet,  and  tried  repeatedly  ; but 
was  given  up  as  several  objections  were  urged  against  it.’"  This  failure 
lid  not,  however,  influence  Watt  to  give  up  his  trials ; but  in  1782  he  took 
out  a patent  for  two  engines  on  a similar  principle  : one  of  these  we  here 
append  an  illustration  of.  In  fig.  91,  a a is  a circular  casing,  h an  axle 


104 


HISTORY  OF  THE  STEAM-ENGINE. 


passing  tlirongli  the  stuffing-boxes  at  the  ends  of  the  casing,  c a piston 
]*evolving  in  the  case,  d a valve  which,  turning  on  a hinge  like  a door, 
passes  into  the  recess  e;  f the  pipe  admitting  the  steam  to  the  casing,  g 
that  leading  to  the  condenser.  The  valve  e extends  the  whole  depth  of 
tlie  cylinder.  On  steam  being  admitted  to  the  casing,  it  presses  on  the 
piston  c,  and  causes  it  to  revolve  ; on  reaching  that  part  of  the  casing 
near  the  eduction-pipe  the  piston  strikes  the  valve  and  forces  it  into 
its  seat  e;  the  steam-entrance  is  thus  closed,  and  the  stearft  in  the  casing 
rushes  to  the  condenser  through  g.  On  the  piston  passing  e,  the  valve  d 
falls  open  as  before,  admitting  steam  to  the  casing  to  act  on  the  piston. 
From  the  force  with  which  the  piston  strikes  the  valve  cZ,  the  machine 
rapidly  falls  into  disrepair. 

From  the  great  variety  of  rotatory  engines  of  this  class  which  have 
been  introduced  from  the  time  of  Watt  till  now,  it  is  quite  an  impossibility 
for  us  to  notice  even  a small  proportion  of  their  number  ; we  must  refer 
tim  reader  to  larger  treatises,  wliere  several  of  the  most  ingenious  are 
illustrated. 

The  “elliptic  rotatory  engine”  is  one  of  the  most  successful  examples 
of  the  modern  attempts  to  apply  steam-power  directly  to  a revolving 
crank-lever,  so  as  to  economise  steam,  lessen  the  weight,  simplify  the  con- 
structive details,  and  convey  the  power  directly  to  its  work.  Such  an 
engine  is,  indeed,  practically  equivalent  to  the  causing  the  steam  to  lay 
hold  of  and  actuate  the  crank  or  revolving-shaft,  just  as  the  hand  turns 
round  a winch,  without  the  intervention  of  joints,  levers,  and  connecting- 
rods.  It  is  the  invention  of  Mr.  William  Hyatt,  the  engineer  to  Champion’s 
extensive  Vinegar  Works,  of  Old  Street-road,  St.  Luke’s,  London,  and  is 
being  carried  out  by  him,  in  conjunction  with  Mr.  Wright,  the  managing 
proprietor  of  tho  works.  The  essential  peculiarity  of  the  engine  is  to  be 
found  in  the  fact,  that  the  steam-cylinder  is  bored  elliptically,  in  order  that 
the  revolving  piston  within  it,  when  set  upon  a shaft  disposed  eccentrically 
in  relation  to  the  minor  axis  of  the  ellipse,  may  fit  accurately  to  the  elliptic 
surface  throughout  the  entire  revolution.  This  is  a peculiar  and  unlooked- 
for  characteristic  of  the  elliptical  figure.  Tho  true  action  is  only  to  be 
secured  when  the  amount  of  ellipticity  is  exceedingly  slight,  the  centre  of 
motion  of  the  revolving  piston-shaft  being  in  a line  intersecting  the  minor 
axis,  at  c«oout  one-third  tho  length  of  such  axis.  That  such  an  engine 
does  work  in  the  most  satisfactory  manner,  is  now  practically  exemj)lified 
at  the  Old-street  Vinegar  Works,  where  the  engine,  from  which  our  drawings 
in  figs.  92,  93,  and  94,  were  made,  is  in  daily  operation.  (1853.) 

Fig.  92  is  an  external  longitudinal  elevation  of  the  engine  in  working 
order.  Fig.  93  is  a corresponding  end-elevation  at  right  angles  to  fig.  92, 
the  front  end  cover  of  the  cylinder  being  removed  to  show  the  piston 
within.  Fig.  94  is  a plan  of  the  engine. 

A steam-engine,  to  which  much  attention  ha""  direcvcd  of  late,  is 
that  known  as  Simpson  and  Shipton’s  Reciprocating  Steam  Engine.  To 
an  arrangement  of  parts  of  simplicity  in  detail,  it  adds  the  novelty  of  a 
movement  remarkable  for  its  originality.  Although  in  many  respects 
resembling  at  first  sight  an  engine  of  the  rotatory  plan,  it  is  nevertheless 
a reciprocating  engine,  only  differing,  in  the  words  of  the  inventors,  from 
the  ordinary  engine  in  the  means  adopted  for  obtaining  the  revolving 
motion  direct  out  of  the  rectilinear,  the  principle  through  which  power  is 
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obtained  being  the  same  as  in  the  ordinary  reciprocating  engine ; a piston 
acted  upon  by  steam  being  propelled  in  a rectilinear  direction  in  a cylinder 


or  steam-chamber,  which,  in  the  present  case,  is  square  or  rectangular 
instead  of  circular,  the  germ  of  the  engine  being  an  eccentric  revolving 


in  its  own  diameter and  which  is,  in  fact,  the  piston  and  crank  combined 
in  one  body  ; this  ha\nng  in  itself  two  distinct  motions,  rectilinear  and 
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revolving.  The  following  is  derived  from  tlie  inven- 
tors, descriptive  of  the  principle  and  arrangement  of 
tlie  engine.  In  fig.  95  suppose  a to  be  a crank  filled 
up  completely  between  the  sides  of  the  steam-chamber 
ef\  when  steam  is  admitted  above  the  crank  a,  as 
shown  by  the  arrows,  it  moves  into  the  position  shown 
by  6;  in  that  position,  however,  it  mil  be  observed 
that  the  crank  will  be  too  short  to  fill  up  the  chamber, 
and  the  steam  would  consequently  rush  past  it  to 
the  lower  part  of  the  chamber ; it  therefore  becomes 
necessary  to  change  the  form  of  the  crank,  making 
it  such  that,  at  every  position,  the  space  between  e / 
may  be  filled  up ; this  form  resolves  itself  into  the 
circle  g g,  with  the  shaft  or  axle  c passing  through  it  out  of  the  commmn 
centre  • this  is  therefore  an  ordinaa*y  eccentric.  When  steam  is  brought 
to  act  on  its  surface,  it  is  propelled  into  the  dotted  position  i i ; and  from 
its  being  eccentric,  a revolving  motion  is  obtained  during  its  nropulsiom 


In  fig  96  is  a transverse  section,  and  in  fig.  97  a longitudinal  section, 
shomng  the  arrangements  by  which  this  principle  is  carried  out ; a is  the 
steam-chamber  or  cylinder;  b the  piston,  keyed  on  eccentric  to  the  shaft 
0,  and  carried  on  the  rods  f vibrating  from  the  crank-shaft  pedestals. 
This  piston  is  turned  true  on  the  periphery;  and  in  each  end  are  turned 
conical  seatings,  in  which  are  fitted  rings  of  metal  Jc  k,  cut  open  on  one 
side,  leaving  a lap-joint  to  prevent  escape  of  steam.  These  rings  are 
capable  of  being  adjusted  by  bolts  passing  through  the  side-plates  1 1,  and 
are  thus  easily  adjusted.  The  cranks  g g are  keyed  on  the  shaft  at  right 
angles  to  each  otlier,  equi-distant  from  a line  drawn  through  centre  of 
shaft  and  centre  of  piston ; these  cranks  convey  the  power  to  the  lower 
cranks  i i by  rods  or  drag-links  h h.  The  vibrating  rods  f f are  carried 
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on  the  pedestal  jj.  The  ends  of  the  cylinder  a do  not  require  to  be 
bored,  as  the  whole  wear  takes  place  on  the  plates  d and  c.  The  [Jate  e 


fig.  97, 

is  dovetailed  in  and  fitted  fast ; d being  loose  on  its  parallel  recess,  which 
allows  it  to  follow  up  the  piston  as  it  wears ; the  plate  d is  kept  up  to  the 
face  of  the  piston  by  springs  behind  it,  or  by  admitting  steam  into  the 
recess  at  the  back  of  it.  This  plate  serves  anotlier  useful  purpose ; this 
is  the  prevention  of  priming  in  the  cylinder : as  the  water  increases  in 
the  cylinder,  it  forces  back  the  plate,  and  nishes  from  one  side  of  the  piston 
until  it  escapes.  Steam  is  admitted  to  act  on  the  piston  by  means  of  a 
valve  n through  the  steam-ports  m m,  o]^)en  to  the  top  and  bottom  of  tlie 
piston  alternately  ; the  valve  is  worked  by  an  eccentric  o keyed  on  the 
crank-shaft  p.  This  valve  is  on  the  equilibrium  principle,  and  exhausts 
through  the  back,  and  works  between  tw^o  parallel  planed  surfaces  ; the 
wear  that  takes  place  being  accommodated  by  a ring  of  metal  o,  similar 
to  that  employed  for  packing  the  piston.  This  form  of  engine  is  being 
employed  in  numerous  instances,  and  wdth  marked  economical  effect. 

As  the  concluding  portion  of  the  present  division  of  our  treatise,  we 
propose  briefly  describing  the  principles  of  action  of  the  **  disc-engine,"' 
which  has  been  successfully  introduced  into  practice. 

The  movement  of  the  disc-engine"  is  very  peculiar  ; the  most  lucid 
exposition  of  its  principle  we  have  met  with  is  that  given  by  a practical 
engineer,"  himself  a well-known  and  able  inventor,  in  the  pages  of  the 
Expositor,  We  here  append  it : The  vessel  in  which  the  piston  moves, 

the  fixed  recipient  for  the  action  of  the  steam,  is  the  section  of  a hollow 
sphere,  such  as  would  remain  after  two  equal  opposite  segments  were  cut 
off.  In  this  is  fitted  the  piston,  called  from  its  form  and  peculiar  move- 
ment a disc.  The  centre  of  the  disc  coincides  with  that  of  the  sphere  ; 
and  as  its  diameter  is  equal  to  that  of  the  inside  of  the  sphere,  it  can  have 
no  direct  movement  like  the  common  engine  piston ; but  it  may  perform 
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an  oscillatory  motion,  such  as  a top  or  a teetotum  describes  when  their 
spinning  force  is  nearly  exhausted ; that  is  to  say,  each  point  in  the 
periphery  successively  dips  ; and  the  lowest  point  seems  to  proceed  round 
the  periphery,  though  there  need  not  necessarily  be  (nor  is  there  in  tins 
engine)  any  absolute  rotation.  Like  a wave  each  point  in  the  disc  in  its 
turn  rises  and  falls  ; and  like  the  wave  also  there  is  no  onward  motion. 
To  understand  the  action  more  perfectly,  we  refer  to  the  following  diagram 
(fig.  98) : a a is  the  spherical  case  we  have  described ; h is  the  disc ; and 
c a ball  concentric  with  the  axis  d;  ef  are  two  conical  covers ; ^ is  a crank 
into  which  the  end  of  the  axis  d is  inserted.  If  the  crank  be  now  turned 
round,  it  will  be  seen  that  every  part  of  the  disc  b will  successively  bo 
brought  into  contact  with  the  cones  at  two  opposite  radial  lines ; but  the 


rotation  oi  the  axis  of  the  crank  need  not  necessarily  cause  the  disc  to 
perform  any  other  than  the  oscillatory  one  we  have  described,  and,  as  we 
have  said,  it  cannot  do  so.  There  is  a slot  in  tlie  disc  thus  (fig.  99),  and 
there  is  a partition  in  the  engine  extending  from  the  outside  to  the  ball 
and  fitting  the  two  cones.  When  we  turn  the  two  cranks,  therefore,  tlie 
oscillatory  motion  will  be  performed  by  the  disc  and  axis,  the  side  of  the 
slot  rubbing  up  and  down  on  the  surface  of  the  partition."'  It  is  difficult 
to  describe  the  way  in  which  the  disc  receives  the  effort  of  the  steam  ; but 
it  may  be  sufficient  to  state,  that  the  struggle  or  force  of  the  steam  to  enter 
and  escape,  passing  through  an  entrance  made  in  one  of  the  conical  covers 
on  one  side  of  the  partition  to  the  exit-pipe  placed  on  the  other  side  of 
the  partition,  forces  the  disc  partially  round,  and  acting  on  the  ball  c, 
makes  the  lever  d rise  and  fall  in  the  direction  of  the  arrows,  and  thus 
communicates  motion  to  the  crank 

The  first  patent  for  the  disc-engine  was  taken  out  by  a INIr.  Dakeyne 
in  1830.  His  engine  was  not,  however,  put  in  practice.  Henry  Davies 
was  the  next  inventor  who  turned  his  attention  to  this  engine.  He  took 
out  three  patents,  each  combining  successive  improvements  in  its  action, 
his  last  patent  being  taken  out  in  1844,  in  which  his  improvements  had 
reference  to  working  the  engine  expansively.  He  introduced  a variety  of 
improvements  in  the  details  of  this  engine ; indeed  he  may  with  all  truth 
be  termed  its  inventor.  The  disc-engine,  as  improved  by  Davies,  was 
carried  into  practice  pretty  extensively,  and  a company  Avas  formed  at 
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Birmingham  to  introduce  it  on  a large  scale.  From  some  cause  this 
company  ceased  soon  to  exist,  and  the  disc-engine  fell  into  comparative 
obscurity,  until  Mr.  Bishopp,  in  1844,  introduced  a variety  of  improve- 
ments, and,  aided  by  the  admirable  mechanical  resources  of  eminent 
engineering  firms,  he  has  succeeded  in  placing  it  in  a comparatively  high 
position  among  economical  and  compactly  working  engines. 


CHAPTER  Y. 

RAILWAY  LOCOMOTION  AND  LOCOMOTIVE  ENGINES. 

Previous  to  describing  the  modern  mechanism  of  the  locomotive  engine, 
so  called  par  excellence,  in  contradistinction  to  the  steam-carriage  for 
common  roads,”  which  properly  is  also  entitled  to  the  distinctive  appellation 
of  locomotive,  we  propose  to  give  a rapid  sketch  of  the  history  of  its 
introduction,  and  a notice  here  and  there  of  the  most  striking  of  the 
machines  from  time  to  time  introduced,  ending  in  the  comparatively  perfect 
machine  now  in  daily  use  on  our  railways.  We  must  premise,  however, 
that  the  nature  of  our  treatise  does  not  permit  us  to  go  into  the  history  of 
the  introduction  of  railways,  or  an  explanation  of  their  construction ; it  is 
with  the  engine,  its  history  and  construction,  that  we  have  alone  to  deal. 
The  subject  of  railways  belongs  more  exclusively  to  the  treatise  on  civil 
and  mechanical  engineering,”  and  which  may  hereafter  be  added  to  the 
series  of  works  of  which  the  present  forms  a part. 

It  is  difficult  to  decide  to  whom  the  honour  is  due  of  having  suggested 
the  use  of  the  steam-engine  for  the  purpose  of  propelling  carriages.  Savery 
hints  at  its  use  in  this  way,  at  least  he  considered  that  it  was  possible  to 
apply  it.  Dr.  Robison,  the  gentleman  who  was  the  means  of  directing  the 
attention  of  Watt  to  the  steam-engine,  ‘‘threw  out  the  idea  of  applying 
the  power  of  the  steam-engine  to  the  moving  of  wheel-carriages;”  but 
other  occupations  withdrew  his  attention  from  the  subject,  and  nothing 
further  was  effected  by  him.  In  patent  taken  out  by  Watt  in  1784, 
he  described  the  application  of  the  steam-engine  to  the  propulsion  of 
carriages.  “ The  boiler  of  this  apparatus  he  proposed  should  be  made 
of  loooden  joined  together,  and  fastened  with  iron  hoops  like  a cask. 

The  furnace  to  be  of  iron,  and  placed  in  the  midst  of  the  boiler,  so  as  to 
be  surrounded  on  every  side  with  water.  The  boiler  was  to  be  placed  on 
a carriage,  the  wheels  of  which  were  to  receive  their  motion  from  a piston 
working  in  a cylinder ; the  reciprocating  motion  being  converted  into  a 
rotatory  one  by  toothed  wheels  revolving  with  a sun  and  planet  motion, 
and  producing  the  required  velocity  by  a common  series  of  wheels  and 
pinions.  By  means  of  two  systems  of  wheel-work  differing  in  their 
proportion,  he  proposed  to  adapt  the  power  of  the  machine  to  the  varied 
resistance  it  might  have  to  overcome  from  the  state  of  the  road.  A 
carriage  for  two  persons  might,  he  thought,  be  moved  with  a cylinder  of 
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seven  inches  in  diameter,  when  the  piston  had  a stroke  of  one  foot,  and 
made  sixty  strokes  per  minute.  Watt,  however,  never  built  a steam- 
carriage.*"  Such  is  the  account  given  by  one  authority.  Another,  how^ever, 
affirms  that  Watt  did  at  least  construct  a model,  of  which  we  give  a diagram 
in  fig.  100;  illustrative  of  its  construction;  and  further  states,  that  Messrs. 


fig.  100. 

Bolton  and  Watt  constructed  a steam-carriage,  which  was  made  to  run  on 
the  roads  of  Cornwall  in  the  years  1785-1786.  We  are,  however,  inclined 
to  think  that  tlie  model  of  the  locomotive  carriage,  as  liere  attributed  to 
Watt,  and  which  the  writer  states  was  made  by  Mr.  Murdoch,  Watt’s 
assistant,  was  not  only  made  by  him,  but  owed  its  creation  to  the  inventive 
genius  of  Murdoch  himself.  In  a life  or  biographical  sketch  of  Murdoch, 
read  some  two  years  ago  at  the  Institution  of  Mechanical  Engineers,  it  is 
there  stated  that  Murdoch  constructed  the  model  of  a steam-carriage, 
while  residing  at  Bedruth  in  Cornwall,  and  tlie  details'  and  general 
arrangement  of  which  resembles  very  closely  those  in  tlie  diagram  now 
given.  Leaving  this  matter  to  be  decided  by  more  competent  authorities, 
we  hasten  to  the  other  points  of  the  present  division. 

Another  claimant  for  the  honour  of  having  introduced  the  first  steam- 
carriage  is  the  celebrated  William  Symington,  the  engineer  now  acknow- 
ledged by  the  majority  of  writers  to  be  tlie  first  introducer  of  a 
])raetically-working  steam-boat.  As  early  as  1784  it  occurred  to  him  that 
steam  might  be  applied  to  tlie  propulsion  of  carriages.  He  commenced 
experiments  with  a view  to  perfect  the  idea;  and  in  1786  submitted  to 
the  inspection  of  the  professors  and  other  scientific  gentlemen  of  Edinburgh 
a woi’king  model  of  a steam-carriage.  This  gave  such  proofs  of  practica- 
bility, that  he  was  urged  to  carry  the  macliine  into  practice.  Such, 
however,  were  the  difficulties  to  be  overcome  in  this,  that  he  conscientiously 
stated  his  scruples  to  those  anxious  to  aid  him  in  the  matter,  advising 
them  not  to  proceed  with  it.  In  fig.  101  we  give  a lateral  of  the  steam- 
carriage  model  as  constructed  by  Symington ; d the  cylinder ; e,  boiler. 


Symington’s  locomotive  carriage. 


Ill 


supplied  from  the  condenser;  //,  direction  pulleys;  g,  condenser;  A, 
steam-pipe ; i,  water-tank  ; a,  drum  fixed  on  the  hind  axle ; 6,  tooth  and 
ratchet  wheels ; c,  rack-rods,  one  on  each  side  of  the  drum,  the  alternate 
action  of  which  upon  the  teeth  and  ratchet-wheels  produces  the  rotatory 
motion. 


In  a previous  chapter  Ave  described  the  high-pressure  engine  patented 
by  Messrs.  Trevethick  and  Vivian  : in  the  patent  they  claimed  its  employ- 
ment in  propelling  Avheel-carriages  of  every  description.”  In  1804, 
Mr.  Trevethick  set  an  engine  to  work  on  a very  indifferent  railroad  at 
Merthyr  Tydvil  Colliery,  in  Wales;  this  Avorked  very  satisfactorily,  and 
up  to  1830  or  1831  it  A\^as  the  form  AAdiich,  more  or  less  modified,  was 
Avorking  on  the  railroads  on  which  steam  Avas  employed.  The  following 
is  a description  of  this  engine ; the  boiler  is  cylindrical,  as  a a,  fig.  102  ; 


fig.  102. 

h is  the  fire-place ; e the  fire-door ; c the  entrance  of  the  flue,  which  is 
turned  before  entering  the  chimney.  By  this  arrangement  the  economy 
of  fuel  effected  was  very  considerable,  the  greater  portion  of  the  heat  being 
given  out  by  the  furnace  and  flue  to  the  water  surrounding  them.  The 
lower  part  of  the  cylinder  was  placed  wdthin  the  boiler,  as  at  d,  and  the 
upper  portion  Avas  surrounded  by  a jacket,  in  the  space  between  Avhich  and 
the  cylinder  the  steam  from  the  boiler  was  allowed  to  circulate  freely ; the 
loss  of  steam  from  condensation  was  by  this  means  obviated.  The  steam 
was  admitted  above  and  below  the  piston  by  the  four-way  cock  already 
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flescribeci ; and  after  working  the  piston,  instead  of  passing  it  to  tlia 
atmosphere,  it  was  led  by  a pipe  to  the  cliimney.  By  this  arrangement 
the  draught  of  the  furnace  was  greatly  increased,  and  a convenient  means- 
established  of  getting  rid  of  the  waste  steam.  Had  this  plan  been 
patented,  the  inventor  would  have  probably  reaped  a golden  harvest  from 
it.  This  engine,  on  its  first  trial,  in  which  the  propulsion  was  effected  by 
the  adhesion  of  the  wheels  on  the  rails,  drew  ten  tons  of  bar-iron,  besides 
the  carriages,  for  nine  miles,  at  the  rate  of  five  miles  an  hour,  without 
stopping,  and  carrying  its  heavy  load  of  fuel  and  water. 

We  have  now  to  notice  the  ingenious  mechanism  introduced  to  obviate 
an  inconvenience  in  engine  propulsion  which  only  existed  in  imagination, 
namely — that  the  engine  wheels  would  not  ‘‘  bite,"^  but  would  slip  round 
upon  the  rails.  Space  will  not  allow  us  to  illustrate  all  the  mechanisms 
introduced  to  obviate  this  imaginary  difficulty ; indeed,  this,  for  the- 
purposes  of  our  treatise,  is  not  at  all  necessary : we  shall  merely  glance  at 
the  nature  of  a few  of  the  most  ingenious  of  these.  Trevethick  and 
Vivian,  in  their  patent,  claimed  the  plan  of  making,  in  certain  cases,  the 
external  periphery  of  the  driving-wheels  uneven,  by  projecting  heads  of 
nails,  or  bolts,  or  cross-grooves,  or  fittings  to  railroads  when  required ; 
and  that  in  cases  of  hard  pidl  we  cause  a lever  bolt,  or  claw,  to  project 
through  the  rim  of  one  or  both  of  the  said  wheels,  so  as  to  take  a hold  of 
the  ground.'"  But,  so  far  from  adopting  these  contrivances  at  all  times- 
and  under  all  circumstances,  as  a means  of  overcoming  the  imaginary 
difficulty  before  alluded  to,  they  on  the  contrary  expressly  stated,  that 
‘^in  general  the  ordinary  structure  or  figure  of  the  external  surface  of 
these  (the  driving)  wheels  will  be  found  to  answer  the  intended  purpose.” 
In  1811  Mr.  Blenkinsop  patented  certain  mechanical  means,  by 
which  the  conveyance  of  coals,  minerals,  and  other  articles  is  facilitated, 
and  the  expense  attending  the  same  rendered  less  than  heretofore.”  In 
this  arrangement,  a rack  or  toothed  rail  was  laid  down  along  one  side  of 
the  railway;  into  the  teeth  of  this  rack  a large  toothed-wheel  worked, 
which  received  a circular  motion  from  a steam-engine ; the  boiler  and 
engine  working  this  being  supported  by  a frame  on  four  wheels.  By  this 
means  the  engine  was  pulled  along  the  rails,  and  was  enabled  to  ascend 
gradients  of  considerable  incline.  The  boiler  was  placed  on  a wooden  or 
cast-iron  frame  ; through  the  interior  of  the  boiler  a large  tube  was  passed 
containing  the  furnace ; this  tube  was  continued  through  the  other  end, 

and  bent  upwards  to  form  the  chimney. 
Two  cylinders  were  placed  at  the  top  of 
the  boiler,  and  the  pistons  were  connected 
by  cross-heads  and  connecting-rods,  f e, 
fig.  103,  to  the  cranks,  c,  d,  fastened  in  the 
centre  of  two  toothed  wheels  represented 
by  dotted  circles.  These  worked  into  a 
large  toothed  wheel  placed  in  the  inside  of 
the  cogged  wheel  a ; the  cogs  in  this  working 
^ ^ into  the  teeth  or  cogs  placed  along  one  side 

fig.  103,  of  the  railway  h h.  The  engine  was 

long  used  on  the  Middleton  Colliery 
Railway,  near  Leeds. 

We  now  approach  the  period  at  which  two  men  appeared  in  the  arena 
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of  invention  ; men  who,  up  to  the  period  of  their  death,  were  intimately 
connected  with  railway  mechanism,  and  who  were  destined,  during  long 
and  active  lives,  to  be  the  means  of  introducing  improvements  in  this 
branch  of  engineering,  so  effective  as  to  cause  quite  a revolution  in  the  art 
of  travelling ; these  men  were  the  well-known  George  Stephenson  and 
Timothy  Hack  worth.  To  the  former  we  are  indebted  for  the  system  of 
railways  as  now  established  ; to  the  latter  nearly  all  the  improvements  in 
the  locomotive  which  formed  it  the  powerful  and  effective  machine  we  now 
see  it,  owed  their  origin.  And  in  thus  paying  to  Hack  worth  part  of  the 
tribute  of  praise  which  has  hitherto  been  nearly  always  allotted  to 
Stephenson,  we  by  no  means  detract  from  the  high  praise  due  to  the  latter. 
Whatever  may  have  been  the  improvements  effected  in  the  locomotive  as  a 
distinct  mechanism,  it  never  could  have  arrived  at  the  height  of  its  present 
efficiency  as  ‘‘  a space  and  time  annihilator,”  had  not  the  improvements  in 
the  ‘‘  iron  way  ” been  simultaneously  effected.  Without  the  improved 
system  of  rails  introduced  by  Stephenson,  the  locomotive  engine  would 
have  been  comparatively  useless ; and  without  the  speed  attained  by  the 
improved  locomotive,  the  improved  system  of  rails  would  have  been  so 
commercially  unremunerative  as  to  have  been  altogether  set  aside.  These 
Avere  the  elements  of  high  velocity,  each  of  Avhich  formed  the  absolute 
condition  of  the  existence  of  the  other.’^  I am,  I think,  safe  in  saying/^ 
remarks  Mr.  Scott  Kussell,  in  his  eulogium  on  George  Stephenson,  that 
the  wrought-iron  railroad  (Stephenson’s)  was  essentially  dependent  on  the 
locomotive  engine.  But  that  the  modern  locomotive  engine  could  not 
subsist  without  the  Avrought-iron  rail,  and  its  multifarious  appendages  of 
chains,  keys,  locks,  sleepers,  switches,  crossings,  sidings,  and  turn-tables, 
is  too  evident  to  need  proof.  Without  the  smoothness  of  the  rail,  the 
engine  Avould  be  jolted  to  pieces  ; and  Avithout  the  easy  motion  Avhich  it 
gives,  the  engine  could  not  be  made  to  draw  a sufficiently-profitable  load 
to  pay ; and  further,  unless  made  of  Avrought-iron,  it  Avould  be  impossible 
to  attain  the  high  speed  of  the  locomotive  Avithout  imminent  danger.  It 
therefore  appears,  that  the  continuous  Avrought-iron  raihvay  and  the 
locomotive  engine  Avere  inventions  intimately  related  to  each  other,  and 
each  a condition  of  each  other’s  success.”  Historical  evidence,  recently 
made  public,  proves,  Ave  think,  very  clearly,  that  to  the  inventive  genius 
of  Timothy  HackAvorth  the  locomotive  engine  OAved  nearly  all  the  improA^e- 
nients  AAdiich  made  it  an  efficient  machine — improvements,  too,  effected  at 
a time  Avhen  everything  had  to  be  learned — Avhen,  indeed,  engineers  Avere 
utterly  thrown  upon  their  own  resources.”  Those  AAdio  are  desirous  to 
enter  into  an  investigation  of  the  point,  and  to  be  made  aware  of  the 
extent  to  Avhich  Stephenson  was  indebted  to  the  ability  and  experience  of 
Hackworth  in  locomotive  mechanism,  should  read  the  article  in  the 
Practical  Mechanics  Journal,  p.  49,  vol.  iii.  1850-1,  entitled  A Chapter 
in  the  History  of  Kailway  Locomotion and  the  ‘‘  Memoir,”  p.  225,  same 
volume.  We  think  that  an  unprejudiced  perusal  of  these  interesting 
papers  will  induce  the  reader  to  coincide  with  the  opinions  of  the  writer 
as  therein  expressed.  If  George  Stephenson  deserved  the  title  of  the 
‘ Father  of  Kail  ways,’  we  think  Ave  may  at  least  claim  for  Timothy 
Hackworth  that  of  the  ^ Father  of  Locomotives.’  ” 

In  1814  George  Stephenson  constructed  a locomotive.  Lord  KaA^ensAVorth, 
of  the  Killing  worth  Colliery,  having  assisted  Stephenson  Avith  money  to 
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conduct  his  experiments.  This  was  tried  on  a tram-way  at  Killing  worth. 
In  1815,  in  conjunction  with  another  party,  he  took  out  a patent  for 
various  improvements  in  locomotives.”  In  this  engine  two  cylinders 
were  used,  one  at  each  end ; the  connecting-rods  were  attached  to  pins  on 
a spoke  of  the  wheels ; they  w^ere  placed  at  right  angles  to  each  other  ; by 
this  means  the  motion  w^as  rendered  continuous,  one  crank  or  pin  receiving 
the  full  leverage  of  the  connecting-rod,  while  the  other  was  at  its  dead 
point.  A toothed  wheel  was  placed  on  each  axle  inside  the  wheels,  and 
round  the  two  wheels  a peculiar  kind  of  endless  chain  was  stretched  (see 
p.  50,  Mechanics  and  3Ieclianism)  ; this  chain  was  so  constructed  as  to 
furnish  a series  of  rectangular  apertures,  into  which  the  cogs  in  the  toothed 
wheels  entered ; by  this  arrangement,  as  the  wheels  revolved  the  chain 
was  passed  along,  and  one  wheel  could  not  revolve  without  the  other ; 
the  relative  positions  of  the  cranks  or  pins  (namely  at  right  angles)  was 
thus  preserved.  In  the  year  1816  he  took  a patent,  in  conjunction  wdth 
Mr.  Losh,  which  embodied  many  of  his  notable  improvements  in  the  con- 
struction of  railways.  In  this  patent  one  claim  having  reference  to  the 
construction  of  locomotives  was  included. 

Engines  on  this  plan  were  introduced  by  Stephenson  on  the  Killing- 
worth  and  on  the  Hetton  Colliery  Eailway  ; and  although  every  exertion 
w^as  made  by  him  to  render  them  efficient  and  economical,  and  to  get 
them  into  use  on  the  different  raihvays  which  began  at  that  time  to  be 
formed,  it  is  the  opinion  of  competent  authorities  that  they  did  not  possess 
those  advantages  which  the  inventor  had  anticipated.” 

On  the  27th  of  September,  1825,  the  Stockton  and  Darlington  line  of 
Eailway,  twenty-five  miles  long,  was  opened  for  public  traffic.  Twenty 
miles  of  this  was  worked  by  locomotives  and  horses,  the  powers  of  eacli 
being  put  thus  in  close  competition.  At  this  early  period  in  the  history 
of  a line  of  railway,  the  first  ever  laid  down  on  the  improved  principles  as 
introduced  by  Stephenson,  and  which  formed  the  nucleus  of  the  railway 
system,  the  locomotives  employed  on  it  were  five  in  number,  four  having 
been  manufactured  by  Messrs.  Stephenson  at  their  factory  at  Newcastle, 
and  one  by  Mr.  Wilson  of  the  same  town.  Such,  however,  w^as  their 
inefficient  working  condition,  that  the  power  of  steam  was  about  to  be 
abandoned,  and  horses  alone  employed.  Timothy  Hackworth,  to  whom 
we  have  before  alluded,  and  who,  through  the  intervention  of  George 
Stephenson,  had  been  appointed  manager  of  the  working  department  of 
the  railway,  stepped  forward  at  this  critical  juncture,  and  proposed  to 
construct  an  engine  capable  of  working  the  line  to  the  extent  already 
mentioned.  His  offer  was  accepted,  and  he  forthwith  began  his  operations, 
which  w^ere  eminently  successful,  and  contributed  greatly  to  the  rapid 
progression  of  steam  locomotion. 

We  now  approach  that  period  in  the  history  of  steam  locomotion  at 
Avhich  the  great  impetus  was  given  to  the  perfection  of  the  locomotive 
engine.  We  allude  to  the  opening  of  the  Liverpool  and  Manchester  Eail- 
way in  1830.  In  considering  the  means  to  be  used  for  working  the  line, 
the  choice  of  the  directors  lay  between  the  employment  of  stationary  steam- 
engines,  and  locomotives.  It  is  unnecessary  here  to  enter  into  detail  as 
to  the  investigations  which  the  company  deemed  requisite  to  be  instituted 
in  order  to  ascertain  the  most  efficient  and  economical  method  of  working 
the  line ; suffice  it  to  state  that,  in  oi)position  to  the  Eeport  of  the  engi- 
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necrs  appointed  to  investigate  the  matter,  Messrs.  Eastrick  and  Walker, 
who  recommended  stationary  engines,  the  directors  ultimately  resolved  to 
adopt  locomotive  power  ; and  offered,  for  the  best  engine,  a prize  of  6501. , 
to  be  decided  by  a public  competition.  It  is  generally  understood  that 
the  opinion  of  Eobert  Stephenson  in  favour  of  locomotives  induced  the 
directors  to  adopt  this  power ; and  it  is  nothing  derogatory  to  the  great 
fame  of  Eobert  Stephenson  to  state  that  it  appears  he  was  much  indebted 
to  Timothy  Hackworth  for  a variety  of  sound  practical  information  ; 
indeed  Hackworth  was  the  only  person  at  this  period  who  had  anything 
like  a practical  knowledge  of  the  whole  bearings  of  the  case. 

In  offering  the  above  reward  for  the  best  locomotive,  the  directors 
made  the  following  stipulations  ; the  engine  was  to  consume  its  own 
smoke ; to  be  capable  of  drawing  after  it  three  times  its  own  weight  at 
ten  miles  an  hour,  and  have  not  exceeding  50  lbs.  pressure  upon  the 
square  inch  on  the  boiler  ; two  safety-valves,  one  locked  up  ; engine  and 
boiler  to  be  supported  on  springs,  and  rest  on  six  wheels  if  it  should  exceed 
four  and  a half  tons  ; height  to  top  of  chimney  not  more  than  fifteen 
feet ; weight,  including  water  in  boiler,  not  to  exceed  six  tons,  but  pre- 
ferred if  of  less  w^eight ; boiler,  &c..  proved  to  bear  three  times  its  working 
pressure,  and  pressure-gauge  provided  ; cost  of  machine  to  be  not  more 
than  5501/'  The  following  is  a description  of  the  public  trial  of  the 
competing  engines  : The  ‘‘  Eocket,'^  constructed  by  George  Stephenson, 

and  of  which  we  give  a representation  in  fig.  104,  weighed  4 tons  5 cwt., 


and  the  tender,  with  water  and  coke,  3 tons  4 cwt.  2 lbs.  ; it  had  t\vo 
loaded  carriages  attached,  weighing  9 tons  10  cwt.  3 qrs.  20  lbs.,  thus 
making  the  whole  weight  to  be  n.oved  equal  to  17  tons.  The  velocity 
attained  by  this  engine  was  14  miles  an  hour,  with  an  evaporation  of  114 
gallons  per  hour,  and  consumption  of  coke  equal  to  2l7  lbs.  per  hour. 
The  greatest  velocity  attained  was  at  the  rate  of  24^  miles  per  hour.  The 
Sanspareil,”  by  Timothy  Hackworth,  and  of  which  we  give  a representa- 
tion in  hg.  105,  was  the  next  engine  tried,  although,  from  its  not  having 
been  made  in  strict  accordance  with  the  specified  rules,  it  was  scarcely 
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competent  to  enter  the  lists  of  competition.  The  weight  of  the  engine 
was  4 tons  15  cwt.  2 qrs ; the  tender  and  water  and  fuel  being  3 tons 
6 cwt.  3 qrs. ; the  loaded  carriages,  three  in  number,  attached  to  it  being 
equal  to  10  tons  19  cwt.  3 qrs. ; the  whole  weight  to  be  moved  being 
equal  to  19  tons  2 cwt.  The  engine  in  her  eighth  trip  became  disabled 


through  the  feed-pump  becoming  disordered  in  its  action,  the  level  of  the 
water  in  the  boiler  got  low  therefore,  and  the  leaden  plug,  which  was 
used  as  a safety-valve,  getting  melted,  an  end  was  thus  put  to  the 
experiment.  Her  rate  of  speed  was,  however,  satisfactory,  being  equal  to 
conveying  19^  tons  at  fifteen  miles  per  hour.  The  greatest  velocity 
attained  was  22|-  miles  per  hour.  The  consumption  of  fuel*  was  v^ry 
great  in  this  engine,  being  equal  to  692  lbs.  per  hour ; this  was  in  con- 
sequence of  the  great  draught  induced  by  the  steam-blast  in  the  chimney. 


fig.  106. 

The  third  engine,  the  Novelty,”  by  Messrs.  Braithewaite  and 
Hrricson,  and  of  which  we  give  a representation  in  fig.  106,  carried  its 
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own  water  and  fuel,  and  weighed  3 tons  1 cwt.  The  weight  of  the  tank, 
water,  and  fuel  being  16  cwt.  14  lbs.;  the  tw^o  loaded  carriages  being 
6 tons  17  cwt. ; the  total  weight  being  10  tons  14  cwt.  14  lbs.  In  con- 
sequence of  successive  accidents  in  the  working  arrangements  of  this 
•engine,  it  w^as  withdrawn  from  competition ; its  performances,  however, 
were  very  satisfactory  so  far  as  they  went. 

Another  engine,  named  the  ‘^Perseverance,”  constructed  by  Mr. 
Burstall,  was  also  entered  for  competition ; but  being  unsuited  to  the 
railway,  was  at  once  withdrawn.  The  judges  on  this  interesting  occasion 
w^ere  Mr.  Nicholas  Wood,  Mr.  Kas trick,  and  Mr.  Kennedy.  The  prize 
was  awarded  to  Mr.  Stephenson  for  his  engine  the  “ Pocket.” 

The  “ Pocket  ” undoubtedly  owed  its  efficiency,  at  least  in  an 
economical  point  of  view,  from  the  construction  of  the  boiler,  and  the 
large  amount  of  surface  which  was  presented  to  the  action  of  the  heated 
air.  This  was  obtained  by  introducing  twenty-five  copper  tubes,  three 
inches  diameter,  into  the  interior  of  the  boiler,  at  its  lowest  diameter ; 
these  tubes  opened  at  one  end  into  the  space  below  the  chimney,  and  at 
the  other  into  what  is  now  termed  the  fire-box ; by  this  arrangement,  the 
fiame  and  heated  air  passed  through  the  tubes,  which  were  surrounded  by 
the  water  in  the  boiler.  The  furnace  or  fire-place  was  an  external  box, 
about  three  feet  deep  and  two  wide ; the  furnace  was  provided  with  an 
external  casing;  into  the  space  thus  formed  the  water  from  the  boiler 
passed : a large  additional  amount  of  heating-surface  was  also  thus  obtained. 
The  boiler  or  flue-tubes — “ which  has  since  proved  to  be  the  main-stay  of 
the  modern  locomotive” — was  the  invention  of  Mr.  Henry  Booth,  the 
secretary  of  the  railway ; a gentleman  “ to  wdiom  railways  are  indebted 
for  much  of  their  practical  efficiency.”  From  the  invention  not  having 
been  patented,  Mr.  Booth  did  not  receive  the  great  pecuniary  advantages 
which  might  otherwise  have  resulted  from  this  highly  valuable  improve- 
ment. We  understand,  however,  that  he  received  a pecuniary  reward  from 
the  directors  of  the  railway  on  account  of  it.  As  will  be  seen  on  inspec- 
tion of  the  diagram,  the  cylinders  were  placed  outside  the  boiler,  near  the 
fire-box,  and  inclined  at  an  angle ; and  the  piston-rod  of  which  is  con- 
nected with  the  driving-wheel  by  means  of  a connecting-rod. 

In  the  “ Sanspareil”  of  Hack  worth,  the  cylinders  were  inverted  and 
placed  vertically ; the  piston-rod  cross-head  worked  between  parallel 
guides ; and  to  the  cross-head  was  attached  the  connecting-rod  which 
<5ommunicated  motion  to  the  hind  wheels ; the  fore  and  hind  wheels  were 
coupled  by  a connecting-rod.  The  boiler  was  cylindrical,  with  the  flue 
returned  to  the  front,  where  it  entered  the  chimney ; the  flue  was  of  course 
entirely  surrounded  with  water. 

The  “Novelty”  possessed  some  arrangements  of  considerable  merit, 
the  most  distinguished  feature  being  the  construction  of  the  boiler  and 
fire-place.  This  will  be  seen  by  an  inspection  of  the  diagram  in  fig.  107 : 
d is  the  furnace  placed  inside  the  boiler,  and  surrounded  with  water ; fuel 
is  supplied  to  the  fire-place  c by  the  tube  or  funnel  <?,  passing  through  the 
dome  of  the  boiler,  and  covered  with  a lid  or  cap.  Air  is  forced  into  the 
fire,  to  maintain  combustion,  by  a small  pair  of  fanners  w’orked  by  the 
engine,  through  the  pipe  h communicating  with  the  ash-pit  c.  The 
lieated  air  is  forced  along  the  series  of  pipes  f g to  the  chimney  A,  the 
steam  space  being  at  i i.  By  this  arrangement  a large  amount  of  heated 
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surface  is  obtained  ; tlie  fire-place  not  only  being  surrounded  with  water, 
but  the  long  range  of  pipes/^.  The  peculiar  arrangements  of  the  engine 
Avill  be  seen  by  the  diagram  in  fig.  106.  Mr.  Stephenson  not  only 
obtained  the  prize,  but  the  appointment  of  engine-manufacturer  to  the 
company.  The  attention  of  the  firm  was  now  devoted  to  perfect  the 


mechanism  of  the  locomotive.  Each  engine  that  issued  month  by 
month  from  the  factory  was  an  improvement  on  its  predecessors,  and  the 
fourteen  and  twenty  miles  of  the  ^ Rocket ' were  raised  to  sixty  and 
seventy  miles ; and  the  Newcastle  factory  became  the  largest  and  most 
famous  in  the  world. Other  manufacturers  entered  the  field  of  compe- 
tition, and  the  vast  amount  of  ingenuity  and  practical  experience  brought 
to  bear  on  the  mechanism  of  the  locomotive  by  such  eminent  firms  as  those 
of  Hawthorn  and  Company  ; Sharp,  Roberts,  and  Company  ; Bury,  Curtis, 
and  Kennedy;  and  last,  though  not  by  any  means  least,  of  Timothy 
Hackwortli,  soon  resulted  in  bringing  the  locomotive  engine  to  its  present 
high  state  of  ])erfection. 

Wo  now  proceed  to  give  illustrations  of  locomotive  engines,  showing 
the  majority  of  the  improved  arrangements  as  now  introduced.  It  is  im- 
possible to  notice  the  whole  details  so  fully  as  we  should  wish  in  a short 
treatise  like  the  present ; we  hope,  however,  that  the  illustrations  we  give 
will  enable  the  reader  pretty  clearly  to  understand  the  arrangements  and 
operation  of  this  beautiful  machine. 

Eor  the  purposes  of  description,  we  shall  divide  the  locomotive  into 
two  parts  : — the  fire-box,  smoke-box,  and  boiler ; and  tlie  moving  parts  of 
the  engine  whicli  give  motion  to  the  whole. 

Tlie  fire-box,  as  may  be  seen  by  inspection  of  the  longitudinal  sections 
of  engines  hereafter  given  at  cccc,  fig.  116,  is  inclosed  on  all  sides  except 
the  bottom ; at  this  part  the  fire-bars  are  jdaced  on  which  the  fuel  rests ; 
and  at  the  side  next  the  funnel  or  chimney,  this  side  is  pierced  with  holes, 
into  w hich  are  ])assed  the  smoke-tubes  cl  d.  To  prevent  the  dispersion  of 
the  red-hot  ashes  from  the  fire,  a ])late-iron  tray  or  receptacle  is  placed 
beneath  the  fire-bars.  Fire-boxes  arc  of  two  kinds,  square  and  round,  as 
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in  figs.  116,  118.  The  round  top  is  recommended  by  some,  as  being  best 
calculated  to  withstand  the  pressure  of  the  steam.  In  both  methods  of 
construction,  however,  it  is  imperatively  essential  to  strengthen  the  parts 
by  numerous  stays  or  bolts.  The  fire-box  door  (see  longitudinal  sections) 
is  double,  to  prevent  loss  of  heat ; and  the  outer  and  inner  boxes,  between 
which  the  water  of  the  boiler  is  allowed  to  flow,  are  here  joined.  The 
fire-bars  are  placed  loosely  in  a frame,  so  as  easily  to  be  lifted  out  when 
required  to  be  renewed.  In  some  instances  the  fire-bar  frame  is  suspended 
by  catches ; when  these  are  withdrawn  the  fire-bars  and  fuel  above  them 
are  precipitated  into  the  ash-tray. 

The  smoke-tubes  are  generally  made  of  brass,  but  malleable  iron  ones 
are  now  becoming  largely  used.  The  number  of  tubes  in  each  engine 
varies  from  96  or  thereabouts  to  134.  Great  care  is  necessary  to  fit  the 
tubes  into  the  fire-box  end,  and  also  that  of  the  smoke-box.  They  must 
be  fitted  water-tight.  The  diameter  of  the  tubes  is  generally  about  one 
inch  and  a half.  The  communication  between  the  fire-box  at  one  end 
and  the  smoke- box  s s,  figs.  116,  118,  is  kept  up  entirely  by  means  of  the 
smoke-tubes  d d.  This  is  formed  of  plates  of  iron  of  the  same  shape 
externally  as  the  fire-box.  Access  is  had  to  the  interior  of  tlie  smoke-box 
by  a door  at  the  front  of  the  engine.  This  is  made  in  various  ways.  In 
some  instances  it  is  hinged  at  bottom  and  opens  downwards  ; in  others  it 
is  in  two  leaves,  like  ordinary  folding-doors.  The  smoke-tubes  pass 
through  the  side  of  the  smoke-box  nearest  the  fire-box.  The  cylinders 
are  in  many  instances  placed  inside  the  smoke-box.  By  this  arrangement 
the  loss  by  radiation  and  condensation  of  steam  is  avoided.  The  steam, 
after  working  the  cylinder,  is  ejected  up  the  chimney  through  the  blast- 
pipe  /i,  fig.  116;  and  ee^  fig.  118.  The  diameter  of  chimney  is  about  13 
inches,  and  the  height  is  limited  to  about  7 feet  above  the  boiler,  to  allow 
it  to  pass  under  the  railway  bridges. 

The  fire  is  moderated  by  a damper  placed  in  the  chimney.  This  is 
generally  made  of  the  “throttle-valve"'  species,  being  a plain  disc,  a a, 
tig.  108,  turning  on  an  axis  d somewhat  out  of  the  centre.  It  is  pro- 


vided with  an  aperture  through  which  the  end  of  the  blast-pipe  passes 
when  the  damper  is  wholly  shut,  the  end  of  the  blast-pipe  projecting 
above  it.  The  damper  is  moved  by  the  lever  e,  actuated  on  by  a long 
lever  under  the  control  of  the  engine-man.  This  lever  is  furnished  with 
three  slots,  which  take  into  a rest.  According  as  the  lever  rests  on 
either  of  the  slots,  so  is  the  opening  of  the  damper  regulated.  The 


fig.  1C8, 


fig.  109. 
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upper  orifice  of  the  chimney  is  sometimes  covered  with  a wire-netting. 
This  is  in  order  to  arrest  the  sparks.  This  contrivance  is,  however,  fast 
falling  into  disuse,  and  a perforated  iron  plate  is  placed  below  the  blast 
in  the  smoke-box.  In  American  locomotives,  where  wood  is  extensively 
used  for  firing,  a spark  arrester”  is  adopted  ; this  gives  a degree  of  size 
to  the  chimney  unusual  in  locomotives  in  this  country.  This  will  be  de- 
scribed hereafter. 

The  water  is  supplied  to  the  boiler  by  means  of  a small  force-pump, 
placed  under  the  boiler  and  near  the  fire-box.  This  pump  is  worked  by 
a lever  from  one  of  the  engine  eccentrics.  In  some  instances  the  pump 
is  Avorked  from  the  piston  cross- head.  The  water  is  draAvn  from  the  tank 
in  the  tender,  through  a pipe  properly  coupled,  by  a ball-and-socket 
joint,  at  the  part  where  the  engine  is  attached  to  the  tender;  and  the 
water  is  delivered  to  the  boiler  in  some  instances  at  the  smoke-box  end, 
a little  below  the  Avater-level ; at  others  near  the  fire-box,  and  in  others 
again  near  the  centre  part  of  the  boiler. 

There  are  various  appliances  connected  with  the  boiler.  The  safety- 
valve  is  generally  placed  above  the  fire-box,  as  in  figs.  116,  118,  and  is 
pressed  down  by  a lever,  the  pressure  being  regulated  by  a spring 
balance.  The  nature  of  the  arrangements  of  this  kind  of  valve  is  ex- 
plained at  p.  45,  fig.  66,  Mechanics  and  Mechanism, 

Lock-up  safety-valves  are  falling  into  disuse,  as,  from  not  being  easily 
got  at,  they  are  apt  to  stick  in  the  seat  and  become  inoperativ^e.  In 
some  engines  a valve,  as  shown  in  fig.  109,  is  used.  This  is  loaded  a 
little  above  the  usual  pressure ; this  being  obtained  by  the  bent  springs 
forcing  down  the  valve  into  its  seat. 

The  contrivance  known  as  the  steam-Avhistle  is  placed  on  the  dome  or 
top  of  the  fire-box.  This  is  shown  at  6,  fig.  110.  The  peculiar  noise 


fig.  no. 


fig.  111. 


elicited  is  caused  by  the  steam  rushing  up  the  tube  h b connected  with  the 
boiler,  and  the  admission  to  which  is  regulated  by  a cock  actuated  upon 
by  a handle  or  lever  Avithin  reach  of  the  engine-man.  The  steam  passes 
through  the  apertures  c c,  and  out  at  d d,  and  strikes  the  thin  edge  ee  of 
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the  circular  cup  /,  producing  tlie  sound  so  well  known  now-a-days  in 
almost  every  district  of  the  kingdom. 

The  level  of  the  water  in  the  boiler  is  ascertained  by  gauge-cocks, 
which  are  placed  at  different  heights  to  indicate  different  levels  at  which 
tlie  water  stands.  In  addition,  a glass  water-gauge  is  attached  to  the 
front  casing.  The  arrangement  of  this  apparatus  is  shown  in  fig.  111. 
The  tubes  c c are  in  communication  with  the  interior  of  the  boiler.  A 
strong  glass  tube  h h connects  the  two  tubes  c c.  The  upper  tube  c com- 
municates with  the  part  of  the  boiler  which  should  contain  steam,  the 
lower  with  that  containing  water.  On  opening  the  upper  and  lower 
handles  a a,  the  Avater  rises  in  the  glass-tube  to  the  same  height  as  in  the 
inside  of  the  boiler.  The  oscillations  of  tlie  water  which  would  take 
place  in  the  tube  h h,  from  the  rapid  movement  of  the  engine,  is  in  some 
measure  prevented  by  making  the  communication  between  the  boiler 
and  tube  of  a small  size.  A small  cock,  as  /,  is  placed  at  the  bottom 
tube,  to  clear  the  tube  of  its  accumulated  water.  Entrance  is  obtained 
to  the  interior  of  the  boiler  by  means  of  a man-hole  door  of  similar  con- 
struction to  that  described  in  another  and  preceding  chapter. 


The  cylinders  of  locomotive  engines  are  always  of  the  three-ported 
species,  as  in  fig.  112.  a a the  piston ; h the  piston-rod ; c the 
stuffing-box ; d the  exhaust-port,  leading  to  the 
exhaust-pipe  i ; g the  valve ; h valve-rod ; e 
port  to  upper  side  of  piston  ; f port  to  under  side  ; 
k cleansing  and  greasing-cock.  Cocks  are  supplied 
to  cylinders  in  some  instances  at  top  and  bottom 
of  cylinder.  These  are  opened  when  required  by 
levers  within  reach  of  the  engine-man,  to  allow 
the  water  collected  in  the  cylinders  from  priming 
and  condensation.  The  steam  is  passed  from  the 
boiler  to  the  cylinders  by  a pipe,  the  entrance  to 
which  is  at  the  upper  part  of  a cylindrical  vessel 
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o N,  fig.  116,  or  within  the  dome.  Above  the  fire-box,  as  in  fig.  118,  the 
entrance  to  the  pipe  is  placed  thus  far  above  the  water  to  prevent  priming 
AS  much  as  possible.  The  supply  of  steam  to  the  cylinder  is  regulated  by 
what  is  termed  a regulator.’'  Yarious  contrivances  for  this  purpose  are 
adopted.  Fig.  113  explains  a form  much  introduced.  Two  circular  discs 
work  in  contact,  one  of  which  is  fixed,  and  the  other  is  made  to  revolve 
by  a lever  connected  with  it,  and  actuated  on  by  another  lever  or  handle 

outside  the  casing.  Apertures  are 
made  in  both  discs  to  correspond 
with  each  other  in  shape  and  posi- 
tion. When  the  apertures  in  both 
plates  coincide,  a free  passage  is 
given  to  the  steam ; but  when  the 
movable  disc  is  turned  round,  so  as 
to  present  the  solid  parts  of  its  face 
opposite  the  apertures  in  the  fixed 
disc,  the  entrance  for  the  steam  is 
lessened  in  proportion  as  the  aper- 
tures in  the  fixed  disc  are  closed. 
The  discs  are  fixed  on  the  entrance 
to  the  pipe  which  passes  the  steam 
to  the  cylinders. 

The  reciprocating  motion  of  the 
piston-rod  is  changed  into  the 
circular  one  of  the  driving-wheel 
by  means  of  a connecting-rod,  as 
in  fig.  114  : a is  the  piston-road ; b 
the  connecting-rod,  the  brasses  of 
which  embrace  the  cranked  axle  of 
the  driving-wheels  nn,  as  explained 
in  p.  87,  fig.  169,  Mechanics  and 
Mechanism.  The  cranks  are  placed 
at  right  angles  to  each  other,  so  that 
the  motion  is  continuous.  The 
slide-valves  for  the  cylinder  for  ad- 
mitting the  steam  to  both  sides  of 
the  piston  are  worked  by  eccentrics, 
as  explained  in  p.  82,  Mechanics  and 
Mechanism,  the  position  of  which  is 
shown  in  fig.  114. 

In  order  to  work  the  engine 
backwards  or  forwards  as  desired, 
various  ingenious  arrangements  have 
been  introduced  : it  will  suffice  for 
our  purpose  to  describe  one  of  these,  and  that  the  most  generally  adopted. 
It  is  known  as  the  “ link-motion,”  and  owes  its  invention  to  Mr. 
Stephenson.  The  movements  are  effected  by  four  eccentrics,  two  to  give 
the  backward,  two  the  forward  motion  of  the  engine ; two  eccentrics  to 
each  cylinder.  Let  he,  fig.  115,  be  the  two  eccentric-rods,  h the  backing 
eccentric,  and  c the  forward  eccentric.  These  are  connected  to  the  curved 
link  a a,  the  radius  of  which  is  equal  to  that  of  a circle  described  by  each 
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eccentric-rocl  revolving  round  the  centre  of  its  eccentric.  The  backward 
and  forward  eccentric-rods  are  attached  to  the  extremities  of  the  links. 
The  valve-rod  which  works  the  side-valve  of  the  cylinder  is  provided  with 
a piece  of  metal  whicli  slides  between  the  grooves  made  in  the  interior 
faces  of  the  links.  The  links  are  kept  at  a proper  distance  apart  by  bolts. 
The  links  are  capable  of  being  lifted  up  by  means  of  the  lever  and  con- 
necting piece /*.  When  the  slide-valve  is  out  of  gear,  the  eccentric-rods 


are  in  the  position  shown  in  the  diagram,  the  line  of  valve-rod  bisecting 
the  angle  formed  by  the  eccentric-rods.  In  this  case,  if  the  engine  is  in 
motion,  as  just  in  pulling  up  at  a station,  the  eccentric-rods  merely  make 
the  link  oscillate  or  vibrate  in  the  centre  of  the  valve-spindle,  in  and  out 
alternately,  as  shown  by  the  arrows  xy.  But  if  the  valve  is  required  to 
make  the  engine  go  ahead,  or  forward,  the  link  is  raised  up  by  means  of 
the  handle  g,  until  the  forward  eccentric-rod  h is  in  a line  with  the  valve- 
rod  ; and  by  this  means  the  throw  of  the  eccentric  will  be  communicated 
to  the  valve-rod,  and  the  engine  will  go  forward.  To  reverse  the  engine, 
all  that  is  necessary  is  to  lower  the  links  until  the  u[)per  eccentric-rod  c is 
placed  in  a line  with  the  valve-rod,  when  the  engine  moves  backward. 

Having  sufficiently,  for  the  elementary  purposes  of  our  treatise,  given 
the  details  of  the  locomotive,  we  now  proceed  to  give  illustrations  of 
engines,  showing  the  connection  of  the  various  parts.  The  first  we  give  is 
the  longitudinal  section  of  a fast  passenger-engine,”  constructed  by  Mr. 
Hackworth;  and  for  the  drawing  of  which,  and  description,  w^e  are  indebted 
to  Mr.  W.  Johnson,  fig.  116.  She  has  been  expressly  designed  for  fast 
passenger-trains,  having  driving-wheels  6 feet  6 inches  diameter,  with 
leading  and  hind  wheels  of  4 feet  diameter.  Her  weight,  in  working- 
order,  is  23  tons,  15  cwt.,  and  this  is  distributed  in  the  following  manner: 
on  leading  wheels,  8 tons  6 cwt.;  drivers,  11  tons  4 cwt.;  and  hind 
wheels,  4 tons  5 cwt. 

The  fire-box  is  at  c c,  the  smoke- tubes  at  d d,  the  balanced  spring 
safety-valve  at  a a a';  h the  steam- whistle;  s s the  smoke-box ; h the  blast- 
pipe  ; m the  chimney ; e e the  regulator ; c the  regulator-handle ; n the  pipe 
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fig.  116. 


AMI22ICAN  WOOD-BtJRKING  LOCOMOTIVE. 
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supplying  steam  to  one  cylinder;  o the  feed-pipe  to  supply  boiler  with 
water  from  tank  in  tender. 


fn  f]g.  117  we  give  the  elevation  of  an  American  locomotive,  with  out- 

H 


126 


HISTORY  OF  THE  STEAM-ENGINE, 


side  cylinders ; and  in  fig.  118  a longitudinal  section  of  the  same  : c c 
the  fire-box ; ^ J the  fiue-tubes ; s s the  smoke-box ; ee  the  conical  blast- 


ripe,  the  opening  of  which  is  regulated  by  the  levers  as  in  the  drawing ; 
mm  the  steam-dome,  nn  the  steam-pipe;  ?•  ?•  the  regulator  dome;  o jue 
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regulator,  consisting  of  a spindle-valve,  actuated  on  by  the  lever  o', 
admitting  steam  to  the  cylinder  through  the  pipe  o"  o" ; ll  the  steam 
space  above  the  tubes ; p p the  lock-up  spring  safety-valve ; f g the 
funnel ; i i,  h h,  h h,  the  spark-arrester.''  The  curved  arrows  show 
the  direction  of  the  heated  air ; the  sparks  being  deposited  in  the  curved 
vessels  ^ i,  the  heated  air  and  steam  passing  out  at  the  vertical  apertures 
k k.  The  eccentric-rods  and  gear  for  working  the  valves,  &c.  are  shown 
at  Jj  h. 


CHAPTEK  YL 

STEAM-NAVIGATION  AND  THE  MARINE  ENGINE. 

Under  the  present  division  of  our  treatise  we  propose  to  give  a few 
historical  notes  as  to  the  introduction  of  the  steam-engine  for  the  purposes 
of  navigation,  preliminary  to  the  illustrations  and  descriptions  of  the 
modern  ‘^marine  engine."  From  the  limited  space  now  at  our  disposal, 
we  shall  be  prevented  from  going  so  deeply  into  the  historical  details  as 
might,  by  some,  be  considered  necessary ; but  we  shall  nevertheless 
endeavour  to  notice  their  most  important  features. 

For  many  years  previous  to  the  application  of  the  steam-engine  to  the 
propelling  of  boats,  the  substitution  of  sundry  mechanical  contrivances  for 
sails  had  been  a favourite  object  with  mechanics.  The  most  noticeable  of 
these  was  the  revolving  wheel  with  float-boards  on  its  periphery : this, 
modified  somewhat  in  its  arrangements  and  construction,  is  identical  in 
principle  with  the  paddle-wheel " of  the  modern  steam-boat.  The 
various  contrivances  introduced  for  boat-propulsion  were  actuated  either 
by  manual  labour  or  that  of  horses,  through  the  intervention  of  simple 
mechanical  arrangements.  The  earliest  notice  we  have  of  an  attempt  to 
substitute  the  power  of  steam  for  these  methods  of  working  is  that  of 
Blasco  de  Garay,  to  whose  invention  we  have  already  alluded  in  the  first 
chapter.  Captain  Savery,  in  the  Miner^s  Friend,  alluded  to  the  capability 
of  steam  as  a power  for  moving  steam-boats : but  it  does  not  appear  that 
he  entered  further  into  the  matter  than  making  a mere  suggestion.  Denis 
Papin,  during  his  residence  in  England,  is  said  to  have  constructed  a 
model  by  which  a steam-piston  moving  in  a cylinder  gave  motion  to  the 
axle  of  the  paddle-wheels ; a rack  was  placed  on  the  piston-rod,  working 
into  a pinion  fastened  on  the  axle  of  the  revolving  paddles.  He  employed 
two  or  three  steam-cylinders ; and  when  the  piston  of  the  one  vras  ascend- 
ing, that  of  the  other  was  descending ; and  as  they  would  give  contrary 
motions,  one  was  detached  while  the  other  was  in  action ; and  by  this 
means  the  motion  could  be  made  continuous  and  tolerably  regular. 

In  1737  Jonathan  Hall  published  a description  and  draught  of  a new- 
invented  machine  for  carrying  vessels  or  ships  out  of  or  into  any  harbour, 
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port,  or  river,  against  wind  or  tide,  or  in  a calm.’’  In  this  steam-boat  the 
engine  used  was  an  atmospheric  one,  rotatory  motion  being  obtained  by  a 
continuous  arrangement  of  pulleys  and  cords  or  bands.  We  give  in  fig. 
123  a diagram  illustrative  of  the  general  appearance  of  this  boat.  From 
the  imperfect  mechanical  arrangements,  and  the  defects  of  the  atmospheric 
as  a rotative  engine,  this  attempt  at  steam-boat  propulsion  w^as  soon  aban- 
doned, if  indeed  it  ever  went  beyond  a mere  speculation  on  paper. 

Passing  over  various  unsuccessful  attempts  made  in  America  by  Fitch 
and  Ramsay,  in  1785-1793;  the  Earl  of  Stanhope  in  England,  1795; 
and  of  the  Chancellor  Livingstone  and  the  celebrated  Brunei  on  the  Hudson 
in  America,  in  1797, — we  proceed  to  notice  the  first  successful  steam- 
engine.  We  must,  however,  go  back  for  a few  years  prior  to  the  last- 
mentioned  date.  In  1787,  Mr.  Patrick  Miller,  of  Dalswinton,  a gentleman 
who  devoted  much  of  his  time  to  experiments  in  the  improvement  of  artil- 


lery and  naval  architecture,  published  a description,  with  drawings,  of  a 
triple  vessel  moved  with  wheels.”  Convinced  that,  to  give  his  invention 
every  fair  chance,  it  was  necessary  to  employ  some  force  greater  than  that 
of  manual  labour,  he  threw  out  a suggestion  to  employ  the  steam-engine 
for  the  purpose  of  moving  the  wheels;  the  force  of  steam,  amidst  other 
means  proposed,  presented  itself,  however,  to  his  mind  ‘‘  as  at  once  the 
most  potent,  the  most  certain,  and  the  most  manageable.”  “ In  Miller’s 
family,”  says  his  son,  in  the  narrative  published  in  the  Edinburgh  Philo- 
sophical Journal  in  1821,  there  was  at  this  time,  as  tutor  to  his  youngest 
children,  Mr.  James  Taylor,  who  had  bestowed  much  attention  on  the 
steam-engine,  and  who  was  in  the  custom  of  assisting  Miller  in  his  experi- 
ments on  naval  architecture  and  the  sailing  of  boats.  One  day,  in  the 
very  heat  of  a keen  and  breathless  contest  in  which  they  were  engaged 
with  a boat  on  the  Leith  establishment,  this  individual  called  out  to  his 
patron,  ‘ tliat  they  only  wanted  the  assistance  of  a steam-engine  to  beat 
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their  opponents  ; for  the  power  of  the  wheels  did  not  move  the  boat  more 
than  five  miles  an  hour.  This  was  not  lost  on  Miller,  and  it  led  to  many 
discussions  on  the  subject ; and  it  was  under  a very  confident  belief  in  its 
success  that  the  allusion  was  made  to  it  in  the  book  already  mentioned. 
In  making  his  first  experiments,  Miller  deemed  it  advisable  in  every  point 
of  view  to  begin  upon  a small  scale,  yet  a scale  quite  sufficient  to  deter- 
mine the  problem  which  it  was  his  object  to  solve.  He  had  constructed  a 
very  handsome  double  vessel  with  wheels,  to  be  used  as  a pleasure-boat 
on  his  lake  at  Dalswinton ; and  in  this  little  vessel  he  resolved  to  try  the 
application  of  steam.’’  To  aid  him  in  the  fitting  up  of  the  steam-engine,  he 
secured  the  services  of  an  engineer  to  whom  he  was  introduced  by  Taylor, 
one  whose  name  will  be  handed  down  to  posterity  as  the  engineer  to 
whom  practical  steam-navigation  is  mainly  indebted  for  its  introduction, — 
William  Symington.  It  was  to  this  latter  individual,  an  engineer  of  great 
practical  attainments,  that  the  task  of  fitting  up  the  steam-engine  was  in- 
trusted. In  the  autumn  of  the  same  year  in  which  he  was  employed,  the 
steam-engine,  having  brass  cylinders  of  four  inches  diameter,  was  placed 
on  board  the  little  pleasure-boat.  Nothing,”  says  Mr.  Miller  in  his  nar- 
rative, could  be  more  gratifying  or  complete  than  the  success  of  this 
first  trial ; ” and  while  for  several  weeks  it  continued  to  delight  Miller  and 
his  numerous  visitors,  it  afforded  him  the  fullest  assurance  of  the  justness 
of  his  own  anticipation  of  the  possibility  of  applying  to  the  propulsion  of 
his  vessels  the  unlimitable  power  of  steam.  On  the  approach  of  winter, 
the  apparatus  was  removed  from  the  boat,  and  placed  as  a sort  of  trophy 
in  his  library  at  Dalswinton,  and  is  still  preserved  by  his  family,  as  a monu- 
ment of  the  earliest  instance  of  actual  navigation  by  steam  in  Grreat 
Britain,  In  the  succeeding  year,  a larger  boat,  sixty  feet  long,  was  tried 
on  the  Forth  and  Clyde  Canal ; the  engines  and  machinery  were  con- 
structed at  the  Carron  Iron  Works,  near  Falkirk;  and  in  December,  1789, 


in  the  presence  of  a vast  number  of  spectators,  the  machinery  was  put 
in  motion.”  This  second  trial  promised  to  be  every  way  as  pros})erous  as 
the  first.  It  happened  unluckily,  however,  that  the  revolving  paddles  had 
not  been  made  of  sufficient  strength ; and  Avhen  they  were  brought  into  full 
action,  several  of  the  float-boards  were  carried  away,  and  a very  vexatious 
stop  was  for  that  day  put  to  the  voyage.  The  damage  was  repaired,  and 
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on  the  25th  December  the  steam-boat  was  again  put  in  motion,  and  carried 
along  the  canal  at  the  rate  of  seven  miles  an  hour,  without  any  untoward 
accident ; although  it  appeared  evident  that  tlie  weight  of  the  engine  was 
an  over-burden  for  the  vessel  (her  planking  being  only  three-quarters  of  an 
inch  thick),  and  that  under  such  a strain  it  would  have  been  imprudent  to 
venture  to  sea.  The  experiment,  however,  was  again  repeated  on  the  two 
following  days  ; and  having  thus  satisfied  himself  (Miller)  of  the  practi- 
cability of  his  scheme,  he  gave  orders  for  unshipping  the  apparatus,  and 
laying  it  up  in  the  storehouses  of  the  Carron  Works.”  In  consequence, 
as  it  appears  from  the  statements  in  the  narrative  by  his  son.  Miller  was 
led  to  abandon  further  experiments,  partly  from  the  large  expenses  which 
the  first  trial  had  cost  him,  and  partly  from  his  attention  becoming  much 
directed  to  agricultural  pursuits.  In  1801,  Symington,  patronised  by 
Lord  Dundas  of  Kerse,  started  a steam-boat  on  the  Forth  and  Clyde 
Canal,  for  the  purpose  of  towing  boats. 

In  fig.  120  we  give  a drawing  of  Symington’s  first  engine,  and  in  fig. 
121  a drawing  of  the  second  and  improved  design ; for  these  we  are  in- 
debted to  the  courtesy  of  Mr.  William  Symington,  of  London,  the  son  of 
the  inventor.  The  following  is  the  description  of  the  various  parts  : — 

In  fig.  120,  a a are  the  cvlinders,  h the  boiler,  c steam-pipe,  d d air- 
pump  rods,  e e connecting-chains,  ff  direction-pulleys,  g g paddle-wheels, 
situated  and  wrought  in  a trough  extending  from  stem  to  stern  of  the  boat, 
and  allowing  free  ingress  and  egress  to  the  water  ; h h ratchet-wheels,  for 
communicating  motion  to  the  paddles  ; i i the  water-line. 

In  fig.  121,  a the  cylinder,  b the  boiler,  c steam-pipe,  d eduction-pipe, 
e condenser  and  air-pump,  g hand-gear  and  pump-rod,  h piston  and  con- 
necting-rod, supported  by  the  friction-wheels  ; i the  rod  which  communi- 
cates motion  to  the  air-pump  lever  ; j crank  ; h paddle-wheel,  situated  in  a 
cavity  in  the  centre  of  the  stern  of  the  vessel ; 1 1 paddle-wheel  cavity,  open 
behind  and  below  to  the  water  ; m steer- wheel ; n n flotation-line.  This 
boat  was  steered  by  two  rudders  connected  by  iron  rods,  and  wrought  in 
the  prow  by  the  steer-wheel. 


We  come  now  to  notice  the  exertions  of  another  individual  who  occu- 
pies an  important  place  in  the  history  of  steam-navigation  — Robert 
Fulton,  an  American.  Passing  over  various  matters  connected  with  this 
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individual,  with  reference  to  other  inventions  of  his,  we  proceed  at  once 
to  state  that,  on  the  occasion  of  his  visit  to  Paris,  he  became  acquainted 
Avith  Chancellor  Livingstone,  then  minister  from  the  United  States  to  the 
court  of  Prance  ; avIio,  it  maybe  recollected,  has  been  mentioned  as  having 
been  engaged  in  conducting  steam-boat  experiments  at  one  period  in 
America,  but  who  had  not  succeeded.  He  explained  to  Pulton  what  had 
been  done,  informed  him  that  on  his  return  to  America  he  intended  to  re- 
sume his  experiments,  and  invited  Pulton  to  turn  his  attention  to  the  sub- 
ject. This  Pulton  did,  and  instituted  a variety  of  experiments  with  a view 
to  ascertain  the  best  expedients  to  be  adopted.  After  many  trials,  he 
determined  to  use  the  paddle-wheel.  In  1803,  the  first  boat  constructed 
by  Livingstone  and  Pulton  Avas  completed;  ^Hhe  Avheels  and  other 
mechanism  acted  according  to  his  (Pulton’s)  expectations,  although  her 
speed  was  not  so  great  as  he  calculated  upon  her  machinery  producing.” 
So  satisfied,  however,  were  they  with  this  preliminary  trial,  that  they  Avrotc 
to  Boulton  and  Watt,  ordering  them  to  make  an  engine,  Avith  modifica- 
tions adapted  for  the  peculiar  purpose  for  Avhich  it  A\^as  designed ; this 
engine  to  be  sent  to  New  York,  to  Avhich  place  Pulton  intended  imme- 
diately to  return.  Livingstone,  through  the  influence  of  his  friends  in 
America,  obtained  the  privilege  of  navigating  the  AA^aters  of  the  State  of 
New  York  by  steam  for  twenty  years,  in  Avhich  privilege  Pulton  was  also 
included.  Before  leaving  for  New  York,  Pulton  visited  Scotland,  and 
Avaited  on  Symington,  who,  as  it  appears  from  Symington’s  own  narrative, 
explained  to  him  very  fully  the  Avhole  details  of  his  plan.  Provided  with 
practical  information  from  Symington,  Pulton  proceeded  to  America  in 
1806  ; and  in  1807  Pulton  had  completed  his  steam-boat,  and  in  the  spring 
of  that  year  it  Avas  launched  on  the  Hudson,  The  steam-engine  manufac- 
tured by  Boulton  and  Watt  had  arrived ; and,  Avith  the  assistance  of  the 
engineers  who  had  been  sent  out  Avith  it,  it  Avas  fitted  up  in  the  boat ; and 
in  August  of  the  same  year  the  first  trial  Avas  made.  On  this  occasion, 
Livingstone  and  Pulton  had  invited  many  of  their  friends  to  witness  the 
progress  of  the  first  steam-boat. 

The  speed  attained  Avas  about  five  miles  an  hour.  She  was  ultimately 
placed  as  a passenger-boat  betAveen  the  above  places,  and  succeeded  so 
admirably  as  to  place  Pulton  very  speedily  in  a position  of  independence. 
The  dimensions  of  the  Clermont”  were,  length  133  feet,  depth  7 feet, 
breadth  ol  beam  18  feet.  The  diameter  of  cylinder  Avas  3 feet,  stroke  4 
feet ; the  diameter  of  paddle-wheels  15  feet ; the  float  or  bucket  4 feet 
long,  and  dropped  2 feet  into  the  Avater.  The  burden  AA^as  160  tons  ; the 
boiler  AA^as  20  feet  long,  7 deep,  and  8 broad. 

In  the  year  1808,  a steam-boat  called  the  Comet”  AA^as  tried  on  the 
river  Clyde,  in  Scotland,  by  Mr.  Henry  Bell,  a name  deserving  of  honourable 
mention  in  the  history  of  steam-navigation,  as  one  Avho,  by  his  persevering 
exertions,  Avas  a great  instrument  in  bringing  steam-vessels  into  use  in 
this  country.  The  attention  of  Bell,  it  appears,  Avas  directed  to  steam- 
boat propulsion  by  receiving  a letter  from  Pulton.  Whether  this  letter 
Avas  Avritten  anterior  to  the  starting  of  the  Clermont  ” is  not  knoAvn. 

“ Pulton,”  says  Bell,  had  occasion  to  Avrite  me  about  some  plans  of 
machinery  in  this  country,  and  begged  the  favour  of  me  to  call  on  Mr. 
Miller,  of  DalsAvinton,  and  see  how  he  had  succeeded  in  his  steam-boat 
scheme ; and  if  it  ansAvered  the  end,  I Avas  to  send  him  a draAving  and 
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full  description  of  it,  along  with  my  machinery.  This  led  me  to  have  a 
conversation  with  Mr.  Miller,  and  he  gave  me  every  information  I could 
wish  for  at  the  time.  I told  him  where,  in  my  opinion,  he  had  erred, 
or  was  misled  by  his  engineer ; and  at  the  same  time  I told  him  that  I 
intended  to  give  Fulton  my  opinion  on  steam-boats.  Two  years  after  I 
had  a letter  from  Fulton,  letting  me  know  that  he  had  constructed  a steam- 
boat from  the  different  drawings  of  machinery  that  I had  sent  out,  which 
was  likely  to  answer  the  end,  but  required  some  improvement  upon  it.” 

Bell,  as  stated  by  Symington,  frequently  investigated  the  steam-boat 
constructed  by  the  latter,  while  laid  up  in  the  creek  of  the  canal  formerly 
alluded  to  ; and  was  led,  after  receipt  of  Fulton’s  letter,  ^-to  think  of  the 
absurdity  of  sending  his  opinion  on  these  matters  to  other  countries,  and 
not  putting  them  in  practice  himself  in  his  own.”  From  these  considera- 
tions, he  says,  ‘‘  I was  roused  to  set  on  foot  a steam-boat,  for  which  I had 
made  a number  of  different  models  before  I was  satisfied.  When  I was 
convinced  they  would  answer  the  end,  I contracted  with  a ship-builder  iii 
Greenock  to  build  me  a steam- vessel  according  to  my  plans,  with  a 40-feet 
keel  and  a 10^-feet  beam,  which  I fitted  up  with  a small  portable  engine 
having  the  power  of  three  horses,  and  paddles,  and  called  her  the  ‘ Comet,’' 
because  she  was  built  and  finished  the  same  year  that  a comet  appeared 
in  the  north-west  of  Scotland.”  The  Comet  ” plied  between  Glasgow  and 
Greenock,  but  was  by  no  means  a successful  speculation  for  Bell.  For 
the  first  six  months  very  few,  he  says,  would  venture  their  precious 
lives  in  her ; but  in  the  course  of  the  winter  of  1812,  as  she  had  plied  all 
the  year,  she  began  to  gain  credit,  as  passengers  were  carried  twenty- 
four  miles  as  quick  as  by  the  coaches,  and  at  a third  of  the  expense, 
besides  being  warm  and  comfortable.  But  even  after  all,  I w'as  a 
great  loser  that  year.  In  the  second  year  I made  her  a jaunting-boat 
all  over  the  coasts  of  England,  Ireland,  and  Scotland,  to  show  the 
public  the  advantage  of  steam-boat  navigation  over  the  other  mode  of 
sailing ; having  done  what  no  king,  prince,  admiral,  or  general  could  do 
— make  vessels  go  against  both  wind  and  tide,  which  had  not  before 
been  accomplished  in  this  country  so  as  to  make  them  of  any  use  to  the 
country.” 

A monument  is  erected  on  the  banks  of  the  Clyde  in  honour  of  Bell, 
as  the  father  of  public  steam-navigation  in  this  country.  Bell  having  thus 
led  the  way,  station  after  station  throughout  the  kingdom  was  supplied 
with  a steam-boat.  At  the  end  of  1823  ninety  steam-boats  were  built 
in  Scotland. 

llie  opinion  of  nautical  men  during  the  first  few  years  of  the  intro- 
duction of  steam-boats  was  inimical  to  the  idea  that  steamers  were  cal- 
culated to  make  progress  against  a heavy  sea.  This  question  was,  however, 
set  at  rest,  and  decided  triumphantly  in  their  favour,  by  the  deep-sea 
voyage  undertaken  by  Dodd,  who  went  to  Glasgow  for  the  express  pur- 
pose of  taking  a steam-boat  from  that  port  up  to  London.  The  vessel  he 
navigated  was  ‘‘  90  feet  long  and  14 i feet  broad,  with  a burden  of  about 
75  tons  ; the  engine  was  calculated  to  have  a power  of  14  horses,  and  the 
wheels  were  9 feet  in  diameter.  She  was  rigged  with  a square  sail  on 
the  chimney  mast,  a bowsprit  sail,  and  another  on  the  mainmast.  The 
crew  consisted  of  a mate,  four  seamen  of  the  first  order,  an  engineer,  a 
furnace- man,  and  a ship’s  boy.  This  was  the  first  vessel  of  the  kind 
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that  any  one  had  ever  dared  to  venture  in  on  the  tempestuous  sea  that 
terminates  St.  George’s  Channel  on  doubling  Cape  Lizard.  .... 
This  interesting  voyage,  758  nautical  miles,  was  run  in  122  hours.” 

The  bold  experiments  of  Napier,  too,  tended  to  hasten  the  application 
of  steam-boats  to  deep-sea  navigation. 

On  fully  considering  the  various  claims  put  forward  by  different 
individuals  as  being  the  introducer  of  steam-navigation,  we  clearly  think 
that  the  honour  should  be  paid  to  William  Symington,  as  being  the  first 
contriver  of  a steam-boat  which  was  carried  out  into  successful  practice. 
The  claims  both  of  Henry  Bell  and  Fulton  are  now,  by  the  generality  of 
authorities,  set  aside,  and  the  high  honour  is  left  to  be  divided  among 
Miller,  Taylor,  and  Symington.  What  share  Miller  had  in  introducing 
the  invention  we  have  already  shown  ; he  played  the  part — and  an  impor- 
tant one,  doubtless— of  the  capitalist  who  found  the  means  to  conduct  the 
experiment ; but  he  did  nothing  more.  It  is  between  Taylor  and  Syming- 
ton that  the  matter  rests,  and  we  think  a full  inquiry  into  the  matter  will 
show  that  the  invention  owed  little  to  the  former. 

Documents  have  recently  been  discovered  which  substantiate  very 
fully  the  claims  of  Symington.  These  documents  are  in  the  handwriting 
of  John  Taylor,  the  brother  of  James,  the  claimant  whose  rights  to  the 
honour  we  have  already  noticed,  and  whose  name  is  not  so  much  as  once 
mentioned  relative  to  the  matter.  A pension  of  £50  has,  we  believe, 
been  granted  to  the  widow  of  Taylor  for  his  supposed  services  as  intro- 
ducer of  steam-navigation  ; nothing  was  given  to  Symington  during  his 
life,  and  nothing  yet  to  the  relatives  he  has  left  behind  him.  We  trust 
that  little  time  will  elapse  ere  the  nation  has,  through  the  voice  of  its 
legislature,  showed  a nation’s  gratitude  to  the  memory  of  the  real  intro- 
ducer of  steam-navigation — William  Symington. 

To  afford  a ready  means  to  judge  of  the  respective  claims  of  the  parties 
interested,  the  following  summary  is  appended  : — 

In  1786,  Mr.  Symington  exhibited  a working  model  of  a steam-car- 
riage in  Edinburgh,  and  suggested  steam -navigation. 

In  1788,  he  superintended  the  construction  of  a steam-engine  of  his 
own  invention,  and  the  fitting  of  it  into  one  of  Mr.  Miller’s  pleasure-boats ; 
which  boat  Avas  successfully  propelled  that  year  on  Dalswinton  Lake  by 
the  power  of  steam. 

In  1789,  a larger  boat,  Avith  a more  poAA^erful  engine  of  the  same  kind,, 
was  successfully  propelled  by  steam  on  the  Forth  and  Clyde  Canal. 

In  1800,  he  Avas  engaged  by  Lord  Dundas  to  construct  steam-tugs  for 
the  Forth  and  Clyde  Canal. 

In  1801,  the  Charlotte  Dundas,”  steam-tug,  was  repeatedly  tried  on 
the  canal,  towed  vessels  there  and  up  the  rivers  Forth  and  Carron,  into 
Grangemouth,  and  carried  Mr.  Fulton,  the  American  engineer,  eight  miles 
on  the  canal  in  an  hour  and  twenty  minutes.  In  the  same  year  he 
patented  his  direct-acting  steam-engine  for  propelling  vessels. 

In  1802  and  1803,  the  second  “ Charlotte  Dundas,”  a larger  and  more 
pOAverful  boat,  toAved  vessels  on  the  canal ; and  on  one  particular  occasion 
dragged  two  laden  sloops  of  seventy  tons  burden  each,  the  Active  ” and 
^‘Euphemia,”  a distance  of  19^  miles  in  six  hours,  against  a strong  adverse 
gale. 

His  experiments  were  here  ended,  through  the  fear  of  the  managers  of 
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the  canal  that  its  banks  might  be  injured  by  the  undulation  caused  by  the 
wheels. 


In  1807,  hlr.  Fulton  first  succeeded  in  propelling  a vessel  by  steam  on 
the  Hudson. 

In  1811,  Mr.  Belhs  first  boat,  the  ‘‘Comet/’  was  tried,  and  set  to  work  on 
the  Clyde.  Mr.  Bell,  as  well  as  Mr.  Fulton,  had  been  on  board  of  Mr. 
Symington’s  boats,  and  satisfied  himself  of  their  efficiency. 

Having  thus  taken  a rapid  glance  at  the  main  points  of  interest  in  con- 
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ncction  with  the  history  of  steam-boat  navigation,  we  proceed  to  illustrate 
the  various  kinds  of  modern  marine  engines.  These  are  of  two  kinds — 
engines  as  applicable  to  the  driving  of  paddle-wheel  steamers,  and  those 
applicable  to  screw  ” steamers. 

The  engines  adapted  for  paddle-wheel  steamers  are  of  two  kinds,  ^^side- 
lever  and  direct-action.^^  The  arrangements  of  the  ordinary  side-lever 
engine  will  be  understood  from  an  inspection  of  the  drawing  in  fig.  122.  As 
will  be  observed,  this  is  a modification  of  the  land  beam-engine ; but  as 
the  space  overhead  in  all  steam-boats  is  necessarily  limited,  the  beams  are 
arranged  at  the  lower  part  of  the  engine.  The  cylinder  is  at  a «,  6 6 the 
working  beam,  c the  steam-pipe,  dd  the  side-rod  connecting  the  end  of  the 
beam  with  the  cross-head  of  the  piston-rod  e,  f the  parallel  motion  ; cj  the 
connecting-rod  connecting  end  of  beam  with  crank  li,  I paddle-shaft,  m 
eccentric  rod,  n o 'p  starting  handle  and  valve  gearing  ; r r condenser  air- 
pump,  worked  by  the  side-lever  connected  with  beam  and  cross-head  of 
air-pump  piston-rod,  ss  air-vessel,  ^ ^ framing. 

Jn  fig.  123  we  give  a diagram  illustrative  of  the  connection  of  cylinder, 
condenser,  and  air-pump  : a is  the  cylinder,  6 the  [)iston-rod,  c the  lower, 
d the  upper  steam  port,  the  passage  leading  to  the  condenser /:  a division 
is  placed  between  the  condenser  and  the  eduction  passage  c,  to  prevent  the 
injection-water  passing  to  the  lower  part  cof  the  cylinder  : g the  air-pump, 
li  i the  air-vessel.  We  now  give  descriptions  of  a few  of  the  details  of  the 
engine  worth  notice.  In  the  air-pump  a valve  is  provided  at  the  bottom 
plate  opening  upwards ; this  is  to  allow  the  water  to  pass  from  the  con- 
denser to  the  air-pump,  but  to  prevent  its  retuim.  Another  valve  is 
placed  at  the  entrance  to  the  hot-well  h (fig.  123) ; this  retaining  the 


vrater  in  the  cone,  frees  the  air-pump  bucket  fi  om  an  unnecessary  weight 
of  water.  The  air-cone  is  now  frequently  dispensed  wdth.  Two  orifices 
are  made  in  the  hot-well  h,  fig.  123,  one  larger  than  the  other ; the  small 
one  communicates  with  the  force-pump  for  supplying  the  boiler,  the  other 
with  the  sea,  and  is  termed  the  waste-pipe. 

Escape-valves  are  provided  to  the  steam  cylinder  ; the  office  of  these  is 
to  allow  a passage  to  the  water  which  collects  above  and  below  the  piston. 
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The  escape-valve  at  the  bottom  of  cylinder  is  weighted  with  a pressure 
above  that  of  the  steam  in  the  boiler  ; if  this  precaution  were  not  taken,  the 
steam  a would  blow  through  them  on  being  admitted  to  the  cylinder.  The 
upper  escape-valve  is  generally  placed  in  the  cylinder  cover,  and  is  retained 
by  a spring  in  some  instances.  In  some  engines  the  escape-valves  are  ap- 
plied to  the  ports  of  the  cylinder  and  kept  closed  with  springs. 

The  diagram  in  lig.  124  illustrates  the  method  adopted  in  side-lever 
engines  in  working  the  side-valves  ; J'  is  the  end  of  the  cross  head  of  the 


valve-rod,  e e side-lever,  connected  with  the  end  d of  the  rocking-shaft  a 
oscillating  on  the  centre  h,  and  which  is  moved  alternately  up  and  down  by 
the  eccentric  lever  c,  to  which  the  eccentric  rod  is  attached  : g is  the 
back  balance-weight ; the  office  of  this  weight  is  to  balance  the  side-valve 
in  such  a position  that  both  of  the  steam-ports  are  closed  when  the  engine 
is  at  rest.  In  starting  the  engine  the  rocking-shaft  is  moved  by  hand 
through  the  agency  of  a lever  attached  to  it.  In  place  of  a lever,  many 
engines  have  wheels  placed  vertically,  like  the  steering  wdieels  of  ships. 
The  best  starting  gear  is  that  known  as  Stephenson’s  link-motion,  used  in 
locomotives,  and  which,  in  Chapter  Y.,  we  have  illustrated  and  described. 
This  also  forms  the  best  reversing  gear,  as  by  it  the  full  speed  a-head  can 
be  instantly  changed  for  full  speed  a-stern  without  stopping  the  engines. 
In  engines  where  this  contrivance  is  not  used,  the  eccentric  has  to  be 
thrown  out  of  gear  before  the  engine  can  be  reversed.  On  the  crank-shaft, 
on  which  the  eccentric  is  placed,  a snug  or  projection  is  made,  as  at  6, 
fig.  125  ; two  snugs  are  also  fitted,  as  at  c d.  Suppose  the  shaft  revolves  so 
as  to  bring  the  face  / of  the  snug  h against  the  snug  the  eccentric  moves 
in  the  direction  of  the  arrow  ; but  if  it  is  desired  to  change  the  motion,  the 
si. aft  a revolves  in  the  contrary  direction,  and  the  face  e of  the  snug  b 
comes  in  contact  with  the  snug  d. 

The  comparatively  large  space  occupied  by  side-lever  engines,  has 
directed  the  attention  of  many  of  our  engineers  to  devise  arrangements  by 
‘ which  space  would  be  economised.  This  has  been  attempted,  and  in  some 
instances  with  considerable  success,  by  the  introduction  of  the  direct-action 
engine.  The  varieties  of  this  class  are  very  numerous.  To  the  reader 
anxious  to  have  a knowledge  of  these,  we  must  refer  to  larger  works ; the 
Artisan  treatise  gives  many  illustrations  under  this  head.  Our  space  per- 
mits us  only  to  give  some  simple  diagrams  illustrative  of  the  most  noted  of 


fig.  124. 


fig.  125. 
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these.  The  distinguishing  feature  in  this  form  of  engine  is  the  absence  of 
the  side  beams,  rotatory  motion  being  given  at  once  to  the  paddle-shaft 
from  the  piston-rod.  In  fig.  126  we  give  a diagram  illustrative  of  the 


^•steeple-engine,”  much  used  in  the  Clyde:  a is  the  piston-rod,  carrying 
a triangular  cross-head  h b ; c the  paddle-shaft,  d the  connecting-rod^ 
attached  at  one  end  to  the  upper  extremity  of  the  cross-head  b b ; and  the 
parallelism  of  the  piston-rod  is  maintained  by  the  guide  e,  in  which  the 
cross-head  m works. 

In  fig.  127  we  illustrate  the  arrangement  of  the  Siamese  or  doublc- 


fig.  128. 


<;ylinder  engine  introduced  by  Maudsley  and  Son.  a b the  two  cylinders, 
€ e the  piston-rods  connected  with  the  cross-head  e e,  which  is  continued 
dowmwards  to  d,  and  w^hich  slides  between  the  two  parallel  guides  e ; one 
end  of  the  connecting-rod  is  attached  to  and  the  other  to  the  crank 
on  pedestal  /.  In  fig.  128  we  give  a diagram  illustrative  of  another  form 
of  direct-acting  engine,  which  is  considered  as  exceedingly  compact ; in- 
deed,” says  an  authority,  no  engine  can  occupy  less  room  than  this  : for 
its  length  is  little  more  than  the  diameter  of  the  cylinder.”  Let  a represent 
the  piston-rod,  b the  connecting-rod,  c c the  paddle-shaft,  d the  air-pump 
rod  worked  by  an  eccentric  on  the  shaft  c c.  The  cylinder-valve,  is  worked 
by  the  eccentric- rod  /,  fig.  129,  from  an  eccentric  on  shaft  c c,  fig.  128 ; tha 
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rod  /works  the  levers  a and  valve-rod  g ; h the  pedestal  fixed  to  the  pillar  e ; 
m is  the  eccentric-rod  working  the  air-pump  n corresponding  to  c?,  fig.  128. 
In  direct-action  engines,  where  the  connecting-rod  is  between  the  piston 
and  the  crank,  the  engine  is  designated  as  belonging  to  the  class  known  as 
the  Gorgon  engine,”  introduced  by  Messrs.  Seaward,  where  the  con- 
necting-rod is  above  the  crank  a ; they  come  under  the  designation  of 
steeple-engines. 

A well  known  form  of  direct-action  engine  is  that  known  as  the 
oscillating.”  We  have  already  described  the  action  of  this ; w’e^now  give 
a diagram  showing  its  application  to  a paddle-wheel  steamer  (fig.  130). 


fig,  130. 

Where  vessels  are  propelled  by  the  screw,”  engines  differing  in 
arrangement  from  those  we  have  already  described  are  adopted.  The  screw 
having  to  make  so  many  more  revolutions  than  paddles  in  the  same  space 
of  time,  the  speed  of  the  screw-shaft  is  sometimes  brought  up  by  cog- 
wheels. In  the  engines  of  the  Great  Britain”  this  arrangement  is  adopted  ; 
a pair  of  oscillating  engines  giving  motion  to  a horizontal  shaft ; in  this  is 
fixed  the  driving  wheel,  taking  into  the  toothed  wheel  on  the  screw-shaft. 
The  inconveniences  attendant  on  this  form  have,  however,  prompted  in 
other  instances  the  use  of  engines  connected  directly  to  the  serew-shaft ; the 
difficulty  in  this  case,  however,  is,  that  the  valves  of  the  air-pump  are  liable 
to  be  knocked  speedily  to  pieces  from  the  high  speed  at  which  the  engine 
works.  Mr.  Bourne  proposes  to  obviate  this  by  replacing  the  air-puni[) 
valves  by  a species  of  ordinary  slide  valve. 

In  fig.  131  we  give  a drawing  of  a double-geared  engine,  adapted  for 
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screw  propulsion  by  Messrs.  Scott  and  Co.  of  Greenock.  The  drawing 
shows  a transverse  section  of  the  ship,  showing  the  engines  in  complete 
external  front  elevation.  The  cylinders  are  fifty-two  inches  diameter. 


and  three  feet  nine  inches  stroke,  placed  diagonally  athwart  the  ship,  and 
at  right  angles  to  each  other ; whilst  the  piston-rods  project  through  the 
lower  covers,  to  allow  of  long  return  connecting-rods.  Each  cylinder  has 
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two  piston-rods,  for  g-reater  steadiness,  their  outer  ends  in  each  case  being 
ke3^ed  into  a cross-head  fitted  at  each  end  with  slide-blocks,  for  working 
m a pair  of  inclined  open  guide-frames  bolted  to  the  bottom  cylinder- 
cover,  and  supported  beneath  by  projecting  bracket-pieces,  recessed  and 
bolted  down  upon  pedestal  pieces  on  the  engine  sole-plate.  From  each 
end  of  this  cross-head,  immediately  outside  the  guide-frame,  a plain 
straight  connecting-rod  of  round  section  passes  up,  to  actuate  the  main 
first-motion  shaft.  The  upper  ends  of  these  connecting-rods  are  jointed  to 
side-studs,  or  crank-pins,  fast  in  two  opposite  arms  of  a pair  of  large^spur- 
wheels,  which  give  motion  to  the  screw-shaft  by  means  of  a pair  of  cor- 
responding spur-pinions,  fast  on  the  shaft  beneath  a single  pin  in  each 
wheel  answering  for  the  two  opposite  connecting-rods  on  the  same  side  of 
the  engine.  The  main  spur-wheels  are  eleven  feet  five  and  a half  inches 
diameter,  wdth  one  hundred  and  eight  teeth  of  four-inch  pitch,  and 
fourteen  inches  in  breadth  on  the  face.  They  are  keyed  on  the  extremi- 
ties of  a common  shaft,  which  is  conveniently  placed  in  the  angular  space 
formed  by  the  two  ends  of  the  inverted  steam-cylinders,  being  carried  in 
a pair  of  pedestals  cast  with  angular  bracket-pieces  to  bolt  down  upon  the 
cylinders. 

The  wheels  are  equally  compactly  placed,  one  on  each  side  the  cylin- 
ders and  the  general  mass  of  machinery,  and  just  filling  up  the  space  inside 
the  connecting-rods.  The  pinions  on  the  screw-shaft  are  four  feet  six 
inches  diameter,  so  that  the  ratio  between  the  screw  and  the  engine's  rate 
is  two  and  a half  to  one.  By  this  arrangement  each  piston  is  directly 
coupled  to  both  of  the  large  wheels,  and  the  increased  length  of  the  cross- 
heads which  the  plan  involves  is  counterbalanced  by  the  effect  of  the  double 
piston-rods  ; for  by  this  division  of  the  pressure  the  cross-strain  leverage  is 
proportionately  diminished.  The  system  of  duplex  gearing  also  insures  a 
good,  substantial,  and  well-balanced  connection  of  the  first  motions  shaft 
with  the  screw-shaft.  The  air-pumps  are  both  situated  on  one  side  of  the 
engines,  and  are  wmrked  from  the  connecting-rod  stud  of  the  spur-wheel 
on  that  side,  the  pump  cylinders  being  bolted  at  their  lower  ends  by 
their  foot-branches  to  the  sole-plate,  whilst  their  upper  ends  are  con- 
nected together  by  a couple  of  arched  cross-pieces.  They  are  thus  well 
bolted  together,  and  to  the  main  framing,  their  intermediate  connecting 
brackets  answering  to  carry  their  stud  centres  of  a pair  of  bent  levers  for 
working  the  bilge  and  feed-pumps.  The  whole  of  the  pumps  are  con- 
structed on  the  trunk  principle,  of  which  class  Mr.  Humphries’  engines, 
of  the  ‘‘  Hartford,"  are  so  well  known  as  the  earliest  type.  As  the  throw 
of  the  main  driving-studs  would  be  too  great  for  the  purposes  of  the 
air-pumps,  it  is  very  ingeniously  reduced  by  means  of  an  eccentric  set 
upon  the  stud,  so  as  to  bring  the  real  wmrking  centre  nearer  to  the 
centre  line  of  the  first  motion-shaft.  One  of  the  connecting-rods  for 
working  the  immp  is  formed  in  one  piece,  with  the  eccentric  ring, 
and  the  other  is  jointed  to  the  ring  on  the  oj>posite  side  ; both  rods 
descending  to  joint  eyes  on  the  upper  ends  of  links  which  are  again  con- 
nected by  bottom  joints,  in  the  recesses  of  the  plunger-trunks  of  the 
pumps.  The  same  intermediate  joints  of  the  lower  ends  of  the  connect- 
ing-rods also  afford  the  means  of  connection  with  the  upper  ends  of  the 
bent  levers  of  the  bilge  and  feed-j)umps,  which  levers  serve  the  purpose  of 
radius-bars  for  the  air-pump-rods.  The  links  for  working  the  plunger- 
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trunks  of  the  bilge  and  feed  pumps  are  jointed  nearly  at  the  middle  of  the 
bent  levers  so  as  to  give  the  required  short  stroke,  the  pumps  themselves 
being  set  vertically,  one  on  each  side  the  screw- shaft  on  the  sole-plate. 
The  cylinder-valves  are  combinations  of  the  four-ported  class,  so  success- 
fully introduced  on  the  Clyde  by  Mr.  Thomas  Wingate,  and  the  equi- 
librium valve.  With  this  arrangement,  the  engines  are  handled  with  very 
great  facility,  and  a very  free  exhaust  is  obtained.  They  are  actuated  by 
a pair  of  eccentrics  on  the  main  first-motion  shaft,  rods  from  which  pass 
upwards  to  short  levers  on  a pair  of  parallel  rocking-shafts,  working  in  end- 
bearings  overhead.  These  bearings  are  carried  upon  a pair  of  parallel 
arched  frame-pieces,  stretching  across  between  the  two  valve-chests,  so 
that  they  thus  bind  the  upper  ends  of  the  cylinders.  The  rocking-sliafts 
are  cranked  at  their  centres,  and  have  short  connecting-rods  jointed  on 
to  the  crank-pins,  and  extending  right  and  left  to  their  respective  valve- 
spindles.  The  steam  enters  the  valve-chests  on  each  side,  through  the 
elbow-branches,  opening  into  stop  or  expansion  valve-chests  at  the  lower 
corners  of  the  valve-casings,  and  the  exhaust  steam  passes  off  to  the  con- 
denser by  passages  round  both  sides  of  the  cylinders.  The  condenser  is 
entirely  within  the  engine,  beneath  the  cylinders  ; it  answers,  indeed, 
as  the  supporting  pedestal  for  the  cylinders,  wliich  are  bolted  down 
upon  it. 

Of  engines  adapted  to  drive  the  screw-propeller  direct,  without  the 
intervention  of  gearing,  recently  introduced,  the  trunk-engine/'  by 
Messrs.  Penn,  of  Greenwich,  is  most  remarkable;  it  is  coming  fast  into 
general  use.  In  this  form  of  engine,  the  direct  connection  between  the 
piston  and  crank,  obtainable  by  the  oscillating  engine,  is  obtained  without 
the  inconveniences  arising  from  the  vibration  of  the  cylinder.  To  the 
piston  a >iollow  trunk,  or  tube,  is  attached  ; this  passes  through  the 
cylinder-cover ; between  them  a packing  is  interposed,  to  prevent  any 
leakage  between  the  trunk  and  the  cover ; the  trunk  is  of  such  length  as 
to  project  beyond  the  cylinder-cover  when  the  piston  is  at  the  bottom  of 
the  cylinder.  The  trunk  is  of  considerable  dimensions  ; the  connecting- 
rod  is  connected  by  a movable  joint  to  the  piston,  and  its  other  end 
to  the  crank-pin ; as  the  piston  moves  backwards  and  forwards,  the 
connecting-rod  vibrates  within  the  trunk,  and  thus  the  direct  action  is 
obtained  by  very  simple  means.  The  trunk  is  on  both  sides  of  the  piston, 
or,  in  other  words,  the  piston  is  maced  midway  in  the  trunk,  the  con- 
necting-rod being  connected  with  that  side  of  the  piston  nearest  the  crank. 
In  this  class  of  engines,  the  cylinders  are  horizontal  and  placed  side  by 
side ; the  air-pumps  are  also  horizontal ; the  great  aim  being  to  have  all 
the  machinery  as  low  as  possible  beneath  the  water-line,  a most  important 
point  in  vessels  of  war.  Both  ends  of  the  trunk  pass  thraugh  stuffing- 
boxes  in  the  cylinder-cover ; by  this  arrangement,  the  pressure  of  the 
steam- side  is  prevented  from  preponderating  over  the  other.  In  fig.  132 
we  give  a diagram  illustrative  of  the  arrangement  of  the  trunk-engine. 
Let  a a be  the  piston,  6 6 the  trunk  on  the  crank  side,  cc  that  on  the 
opposite  side  ; de  the  connecting-rod,  joined  at  one  end  d to  the  piston, 
and  at  the  other  e to  the  crank  on  the  ‘‘  propeller  shaft ; / and  g show 
the  vibration  of  the  connecting-rod  in  various  points  of  the  revolution 
of  the  crank.  By  this  arrangement  of  piston  and  crank,  it  will  be 
observed  that  the  steam  does  not  press  on  the  whole  surface  of  the  piston. 
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but  only  in  the  annular  ring  a a,  between  the  outside  of  the  trunk  h (fig. 
133),  and  the  interior  of  the  cylinder  in  which  the  piston  moves. 

Governors  are  usually  applied  to  screw-engines  in  vessels  of  liglit 
drauglit,  in  order  to  regulate  the  speed.  They  are  of  the  usual  con- 
struction, although  many  new  schemes  have  been  recently  introduced  ; for 


notices  of  these  we  refer  the  reader  to  the  pages  of  the  Artisan,  more 
particularly  the  numbers  for  1853.  The  necessity  for  a regulator  of  the 
speed  of  the  screw-engine  will  be  obvious,  in  considering  that  as  the  screw 
is  placed  at  the  extremity  of  the  vessel,  as  it  pitches  in  a heavy  sea,  the 
screw  would  revolve  in  the  air  ; and  as  the  load  would  thus  be  taken  from 
the  engine,  it  would  revolve  at  too  great  a speed. 
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8.  Don  Quixote.  300  Illustrations. 

9.  Gulliver’s  Travels. 

10.  Robinson  Crusoe. 


11.  Silas  the  Conjuror. 

12.  Savage  Habits  and  Customs. 

13.  Reuben  Davidger. 

14.  Our  Soldiers  and  the  Vic- 
toria Cross. 

15.  Zoological  Recreations.  By 
W.  I.  Broderip,  F.R.S. 

16.  Wild  Animals  in  Freedom 
AND  Captivity. 

17.  The  Man  among  the  Monkeys  ; 
OR,  Ninety  Days  in  Apeland. 


The  best  set  of  Volumes  for  Prizes,  Rewards,  or  Gifts  to  English  Lads. 
They  have  all  been  prepared  by  Mr.  Beeton  with  a view  to  their  fitness  in  manly 
tone  and  handsome  appearance  for  Presents  for  Youth. 


An  Established  Favourite  Gift  Book  for  Boys. 

Extra  cloth  gilt  and  gilt  edges,  price  5s. 

THE  BOY’S  OWN  SEA  STORIES; 

Being  the  Adventures  of  a Sailor  in  the  Navy,  the  Merchant  Service,  and  on  a 
Whaling  Cruise.  Narrated  by  himself.  Thick  post  8vo,  numerous  illustrations. 


Extra  cloth,  full  gilt  side,  back,  and  edges.  Now  ready,  price  5s. 

THE  BOY’S  HANDY  BOOK  OF  NATURAL  HISTORY. 

Edited  by  H.  W.  Dulcken,  Ph.D.  With  numerous  Illustrations  by 
William  Harvey  and  others,  and  16  Coloured  Illustrations.  Post  8vo. 


Puhlished  hy  JVard^  Lock^  Tyler. 


l^eiv  Booki  mid  New  Editions 


Uniform  with  “Household  Management,”  half-bound,  7s.  6d. ; half-calf,  los.  6d. 

BEETON’S  BOOK  OF  HOME  PETS.  Showing  how  to  Rear  and  Manage 
in  Sickness  and  in  Health — Birds,  Poultry,  Pigeons,  Rabbits,  Guinea-Pigs, 
Dogs,  Cats,  Squirrels,  Tortoises,  Fancy  Mice,  Bees,  Silkworms,  Ponies, 
Donkeys,  Goats,  Inhabitants  of  the  Aquarium,  &c.  &c.  Illustrated  by 
upwards  of  200  Engravings,  and  ii  beautifully  Coloured  Plates  by  Harrison 
Weir  and  F.  Keyl. 


Just  Ready,  cloth  gilt  and  gilt  edges,  price  $s. 

HOUSEHOLD  AMUSEMENTS  AND  ENJOYMENTS.  Comprising 
Acting-Charades,  Burlesques,  Conundrums,  Enigmas,  Rebuses,  and  a number 
of  New  Puzzles  in  endless  variety.  With  folding  Coloured  Frontispiece. 


Uniform  with  “Beeton’s  Book  of  Birds,”  cloth  elegant,  gilt  edges,  price  3^.  6d. 

BEETON’S  BOOK  OF  POULTRY  AND  DOMESTIC  ANIMALS. 
Showing  How  to  Rear  and  Manage  in  Sickness  and  in  Health — Pigeons, 
Poultry,  Ducks,  Ttirkeys,  Geese,  Rabbits,  Dogs,  Cats,  Squirrels,  Fancy  Mice, 
Tortoises,  Bees,  Silkworms,  Ponies,  Donkeys,  Inhabitants  of  the  Aquarium, 
&c.  &c. 

*;jj*  This  Volume  contains  upwards  of  One  Hundred  Engravings,  and  Five 
Coloured  Plates  from  Water-Colour  Drawings  by  Harrison  Weir. 


BOOK  OF  BIRDS.  Showing  How  to  Rear  and  Manage  in  Sickness  and  in 
Health.  Cloth  elegant,  gilt  edges,  3^.  6d.  With  Engravings  and  Coloured 
Plates  after  Harrison  Weir. 


Just  published.  New  and  Revised  Edition,  crown  8vo,  cloth,  price  7s.  6d. 

A MILLION  OP'  FACTS  of  Correct  Data  and  Elementary  Information  in  the 
Entire  Circle  of  the  Sciences,  and  on  all  Subjects  of  Speculatioij  and  Practice. 
Much  Enlarged,  and  Carefully  Revised  and  Improved,  and  brought  down  to 
the  Present  Year.  A large  amount  of  new  matter  added. 

***  With  an  Elabarate  Index  to  the  Volume. 


Just  Published,  price  7s.  6d.,  half-bound. 

TREASURY  OF  NATURAL  SCIENCE.  From  the  German  of  Professor 
Schoedler,  with  numerous  additions  by  Henry  Medlock,  F.C.S  Fourth 
Edition,  with  Copious  Index,  and  upwards  of  500  Engravings. 


One  Thousand  Illustrations,  price  ioj.  6d.,  half-bound. 

THE  SELF-AID  CYCLOPAEDIA  FOR  SELF-TAUGHT  STUDENTS. 
Comprising  General  Drawing;  Architectural,  Mechanical,  and  Engin^'^ering 
Drawing ; Ornamental  Drawing  and  Design  ; Mechanics  and  Mechanism  ; 
the  Steam-Engine.  By  Robert  Scott  Burn,  F.S.A.E.,  &c.,  Author  of 
“ Lessons  of  My  Farm,”  &c.  690  pages,  demy  8vo. 


Published  by  Ward^  Lock^  Tyler. 


BEETOJV’S 

NATIONAL  REFERENCE  BOOKS 

For  the  People  of  Great  Britain  and  Ireland. 

In  an  age  of  great  competition  and  little  leisure  the  value  of  Time  is  tolerably  ’well  understood. 
Men,  wanting  facts,  like  to  get  at  them  with  as  little  expenditure  as  possible  of  money  or  minutes. 
Bekton’s  National  Eeference  Books  have  been  conceived  and  carried  out  in  the  belief  t^Jiat-a  set  of 
Cheap  and  Handy  Volumes  in  Biography,  G-eography,  History  (Sacred  and  Profane),  Science,  and 
Business,  would'  be  thoroughly  welcome,  because  they  would  quickly  answer  many,  a question.  In 
every  case  the  type  will  be  found  clear  and  plain.  •'  , ■ 

. THE  CHEAPEST  AND  BEST  REFERENCE  BOOKS  IN  THE  WORLD.  ' 

Tlach  containing,  from  Five  hundred  and  Ticelve  to  Five  JSundred  and  Sixty  Columns. 

Price  One  Shilling,  Wrapper ; Cloth,  Is.  6d.;  Half  Red  Roan,  2s. 

1.  BEETON’S  BRITISH  GAZETTEER.  A Topogra- 

phical  and  Historical  Guide  to  the  United  Kingdom.  Compiled  from  the 
Latest  and  best  Authorities.  It  gives  the  most  recent  Improvements  in  Cities 
and  Towns,  states  all  the  Kailway  Stations  in  the  three  Kingdoms,  and  nearest 
Post  Towns  and  Money  Order  Offices,  and  the  latest  Official  Populations. 

2.  BEETON’S  BRITISH  BIOGRAPHY.  Erom  the 

Earliest  Times  to  the  Accession  of  George  HI. 

3.  BEETOH’S  MODERN  MEN  AND  WOMEN.  Prom 

the  Accession  of  George  III.  to  the  present  time. 

4.  BEETON’S  BIBLE  DICTIONARY.  A Cyclopaedia 

of  the  Truths  and  Narratives  of  the  Holy  Scriptures. 

6.  BEETON’S  CLASSICAL  DICTIONARY.  A Treas- 

ury  of  Greek  and  Koman  Biography,  Geography,  Mythology,  and  Antiquities. 

6.  BEETON’S  MEDICAL  DICTIONARY.  A Safe 

Guide  for  every  Family,  defining  with  perfect  plainness  the  symptoms  and 
treatment  of  all  ailments,  illnesses,  and  diseases. 

7.  BEETON’S  DATE  BOOK.  A British  Chronology 

from  the  earliest  records  to  the  present  period. 

8.  BEETON’  S DICTIONARY  of  COMMERCE.  A Book 

of  Eeference.  Containing : an  Account  of  the'National  Productions  and  Manu- 
factures dealt  wdth  in  the  Commercial  world,  Explanations  of  the  modes  of 
transacting  business,  with  the  principal  Terms  used  in  Commerce  at  Home  and 
abroad,  and  a description  of  the  principal  Ports  and  Markets  of  both  hemispheres 

9.  BEETON’S  MODERN  EUROPE  AN  CELEBRITIES. 

A Biography  of  Continental  Men  and  Women  of  Note  who  have  lived  during 
the  last  Hundred  Years,  or  are  now  living,  uniform  with,  and  a Companion 
Volume  to,  “ Beeton’s  British  Biography,’*  and  “ Beeton’s  Modem  Men  and 
Women.’* 

Cloth  Foai'ds,  price  One  Shilling, 

BEETON’S  READY  RECKONER.  — A Business  and 

Family  Arithmetic.  With  all  kinds  of  new  tables,  and  a variety  of  carefully 
digested  information,  never  before  collected.  240  pages. 

Cloth  ^ cut  flush,  price  One  Shilling. 

BEETON’S  GUIDE  BOOK  TO  THE  STOCK  EXCHANGE 

AND  MONEY  MAKKET.  With  hints  to  Investors  and  the  Chances 
of  Speculators. 

INVESTING  MONEY  with  SAFETY  and  PROFIT. 
BEETON’S  SIXPENNY  READY  RECKONER.  96pp. 


London : Ward,  Lock,  & Tyler,  Warwick  House,  Paternoster  Row,  E.C. 


The  GEEAT  FAMILY  MEDICIEE  of  the  AGE. 


NOTICE. — On  and  after  the  1st  of  January,  1873,  ALL  BOXES  issued 
by  the  Proprietors  will  have  the  Government  Stamp  pasted  over  each 
box,  instead  of  being  on  the  outside  wrappers  as  heretofore  ; and  on 
each  respective  box  and  on  the  outside  wrappers  there  will  be  printed 
the  name  and  the  TBADE  MAKE  of  the  Firm. 

WHELPTON’S 

VEGETABLE  PURIFVING  PILLS 

Are  warranted  not  to  contain  a single  particle  of  MEROUBY  or  any 
other  MINERAL  SUBSTANCE,  but  to  consist  entirely  of  Medi- 
cinal Matters,  PURELY  VEGETABLE. 

« 

They  have’beenlused  by  the  Public  for  nearly  Forty  Years, 

and  have  proved  their  value  in  thousands  of  instances  in  diseases  of 
the  HEAD,  CHEST,  BOWELS,  LIVER,  and  KIDNEYS ; also 
in  ULCERS,  SORES,  and  RHEUMATISM;  and  in  all  SKIN 
COMPLAINTS  are  one  of  the 

BEST  MEDICINES  KNOWN. 

ALSO, 

WHELPTON’S  VEGETABLE  8T0VIA3H  PILLS 

Are  particularly  suited  to  Weakly  Persons,  being  exceedingly  mild  and 
gradual  in  their  operation,  imparting  tone  and  vigour  to  the  Digestive 
-Organs. 


Prepatred  and  sold  wholesale  and  retail  in  boxes,  price  7|^d., 
Is.  lid.,  and  2s.  9d.,  by  G.  WHELPTON  & SON,  3,  Crane  Court, 
Fleet  Street,  London ; sent  free  to  any  part  of  the  United  Kingdom 
on  receipt  of  8,  14,  or  33  stamps. 

Sold  by  all  Chemists  and  Medicine  Vendors  at  Home  and  Abroad. 


